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NOTE 


In  planning  this  helpful  series  of  Educators,  it  has  been  the 
aim  of  the  author  and  publishers  to  present  step  by  step  a 
logical  plan  of  study  in  General  Engineering  Practice,  taking 
the  middle  ground  in  niaking  the  information  readily  available  and 
showing  by  text,  illustration^  question  and  answer,  and  calcula- 
tion, the  theories,  fundamentals  and  modem  applications,  includ- 
ing construction  in  an  interesting  and  easily  understandable 
form.  

Where  the  quiestion  and  answer  form  is  used,  the  plan  has. 
been  to  give  shorty  simple  and  direct  answers,  limited  to  one 
paragraph,  thus  simplifying  the  more  complex  matter. 

In  order  to  have  adequate  space  for  the  presentation  of  the 
importiant  matter  and  not  to  divert  the  attention  of  the  reader, 
descriptibhs  of  machines  have  been  excluded  from  the  main 
text,  being  printed  in  smaller  type  under  the  illustrations. 

Leonardo  Da  Vinci  once  said: 

"Those  who  give  themselves  to  ready  and  rapid  practice 
before  they  have  learned  the  theory ,  resemble  sailors  who  go 
to  sea  in  a  vessel  without  a  rudder'* 

— in  other  words,  "a  little  knowledge  is  a  dangerous  thing/^ 
Accordingly  the  author  has  endeavored  to  give  as  much  infor- 
mation as  possible  in  the  space  allotted  to  each  subject. 

The  author  is  indebted  to  the  various  manufacturers  for 
their  co-operation  in  furnishing  cuts  and  information  relat- 
ing to  theu:  products. 

These  books  will  speak  for  themselves  and  will  find  their 
place  in  the  great  field  of  Engineering, 
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Introductory. — ^When    mathematicians    were    investigating 
the  expansive  action  of  steam,  and  the  saving  that  might  be 
thus  effected,  a  pro- 
fessor in  Providence, 
R.  I.,  looking  over 
some  of  the  calcula- 
tions, became  in- 
terested,   and   took 
I  them    to    a  ■young 
man  who  had  shown 
I  inventive      ability 
while  working  at  the 
PK!.848a.-FirBt(ie5ignofG«i.  H.Corliss.  hamess     makers 

trade.  The  latter 
was  George  H.  Corliss,  who  then  turned  his  attention  to  the 
steam  engine,  and  invented  a  valve  gear  for  using  steam 
expansively.    The  great  success  of  this  gear  made  Corliss  famous. 

The  first  engine  designed  by  Corliss  with  circular  valves,  the  kind  in 
general  use  now,  was  constructed  in  the  year  1850.  The  expansion  of 
steam  had  been  tried  with  poppet  valves  and  a  fixed  cut  off,  but  had  not 
met  with  much  success.  With  the  Corliss  gear,  the  cut  oS  can  be  varied 
and  controlled  by  a  governor;  thus  the  degree  of  expandon  is  automatically 
changed  to  wit  the  load  conditions. 

Conditions  Necessary  for  High  Efficiency. — Economy  in 
the  use  of  steam  requires  that  it  shall  be: 

MOTB.— The  fint  eoeine  fittad  with  the  Corliss  gear  wu  of  the  beam  type  with  flat  ilide 
vihres.  Then  were  sepuate  inlet  snd  nutlet  portg,  which  ■wvn  made  ai  short  as  poMiblc. 
Tht  VftlveaEave  a  npid  adminkHi  and  cut  off,  the  latter  being  obtaTnsd  by  Teteasing  weighta, 
lugpended  hont  a  lew. 
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1,  Quickly  admitted  to  the  cylinder  at  as  near  boiler  pressure 


2.  Cut  off  with  great  rapidity  quite  early  in  the  stroke. 

In  general,  the  most  economical  cut  off  is  from  one-seventh  to  one-fifth 
stroke  condensing,  and  from  one-fifth  to  one-fourth  stroke  non-condendng. 
The  cut  off  should  be  rapid  to  reduce  wire  drawtng. 


top^anijUioM  for  eiilUiuit  at  the  bottom,  thus  affordi..„ ..    _ 

Xra^fgeS'  connect  each  pair  of  valves;  the  eihaust  passage  being  placed  at  a  distance  from 

heatfcom  the  steam  within  the  cylinder  and  Oaia  cause  condensation  bijote  Rlease.    The 
loatl  (troke  girea  smal!  clearance. 

8:  Pre-released  as  late  as  possible  without  increasing  the  back 
preasfare;  . 

The  full  benefit  of  the  available  expansioa  is  thus  obtained. 


CORLISS  ENGINES 


Pios.  SSa  ind  ^. 


1    ot  the    T    tjTie,  Ihe 

ored  boi  typ«,  ind  both 
re  nctuated  by  T  headed 
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4.  Exhausted  with  a  minimum  of  back  pressure; 

5.  Compressed  only  sufficiently  to  absorb  the  momentum  of  the 
reciprocating  parts,  and  fill  the  clearance  space,  at  a  pressure 
most  suited  to  the  conditions  of  operation; 

6.  Used  in  an  engine  having  very  little  clearance. 

The  small  clearance  of  the  Corhss  eagine  is  one  of  its  economic  features, 
being  only  2  or  3  per  cent  of  the  cylinder  displacement.  In  some  short 
stroke  high  speed  engines,  the  clearance  is  as  much  as  10  per  cent. 


Bvinging  ecceatric.     jbae  defects  havs  been  explained  at  length  in  the  chapter  on  the  ^ids 

Defects  of  the  Slide  Valve. — The  economic  steam  distribu- 
tion described  in  the  preceding  paragraphs  is  not  obtained  with 
the  slide  valve  on  accoimt  of  its  limitations,  previously  explained. 

The  chief  defect  of  the  slide  valve  is  its  inability  to  handle  steam  ex- 
pansively, except  to  a  small  degree.  The  valve  itself  cannot  cut  off  shorter 
than  about  six-tenths  stroke  without  excessive  traveL  When  operated 
with  a  movable  eccentric,  early  cut  off  is  obtained  at  the  expense  of  reduced 
pctft  opening.  Moreover,  early  cut  off  is  attended  with  premature  release 
and  compression;  at  still  earlier  cut  off  these  defects  become  more  marked. 
One  may  be  corrected  by  changing  the  inside  lap,  but  this  involves  a  cor- 
respondu^ly  larger  error  for  the  other. 
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Fig).  SSe  10  K6 1  pisUn  detail*; 
figi.  S02  to  S64,  end  of  franM 
mth  details  of  main  beuing. 
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Corliss  Valves.— The  limitations  of  the  slide  valve  are  prac- 
tically overcome  with  the  Corliss  gear.  As  shown  in  fig.  851, 
there  are  four  valves,  two  at  each  end  of  the  cylinder.  Steam 
is  admitted  by  the  upper  valves,  figs.  865  and  866,  and  exhausted 
by  the  lower  ones,  figs.  867  and  868,  this  arrangement  reduces  the 
clearance  to  a  minimum,  and  provides  proper  drainage  for  the 
water  of  condensation. 

Each  valve  has  one  acting  edge  for  the  steam ;  and  is  shaped 
as  a  sector  of  a  circle;   it  works  within  a  cylindrical  seat  over 


VALVE  STEM"    COLLAR 


nca.  8S5  to  SOS. — Coiina  valves.  Tlwyrotata  back  uvIIotUi  over  circular  letti,  and  ue  guided 

by  cylindrica]  enda,  whose  cimunferences  ore  partly  depressed,  aa  at  A,  leaving  a  space  B 
wbilji  sllon  ttw  Txlve  to  nise  fma  its  lut  and  relieve  the  cyliiider  of  any  eicenive  pr«- 


ports  in  line  therewith.  The  valves  are  made  single,  double 
and  sometimes  triple  ported;  the  usual  construction  is  shown  in 
figs.  865  to  868  which  illustrate  a  steam  and  exhaust  valve. 

Each  end  is  ci^lindrical,  fitting  the  circular  end  of  the  valve  chamba 
which  acts  as  a  guide.  Part  of  the  CTlindrical  section  is  cut  away  to  a  smaller 
dianteter  as  at  A,  leaving  a  space  B ,  which  allows  the  valve  to  raise  from  its 
seat  and  relieve  the  cylinder  in  case  an  excess  of  water  be  carried  in  with 
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The  valve  stem  has  a.  T  head  whicH  fits  in  a  slot  cut  in  the  valve  making' 
a  flexible  connection.  Figs.  869  and  870  show  more  clearly  this  construc- 
tion. A  collar  forms  a  part  ot  the  valve  stem;  its  object  is  to  protect 
the  bonnet  from  any  cutting  action  due  to  the  edges  of  tiie  T  head. 

F^s.  874  and  875  show  two  views  of  the  crank  end  of  a  Corliss  cylinder 


I,  fitsii 


nE  PR  ESS  I  ON 


Kgi.  871  to  873.— Providenci 
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The  exhaust  valve  is  cut  away  between  A  and  B,  giving  the  steam  access 
to  that  portion  opposite  the  port,  thus  pressing  the  valve  firmly  against 
its  seat  which  tends  to  keep  it  tight.  The  valves  may  be  removed  from  the 
cylinder  by  taking  off  the  bomieta  C,  C 

In  figs.  877  and  878  is  shown  the  end  of  the  valve  chambers 
with  bonnets  removed;  each  valve  has  a  threaded  hole  H,  in 
which  a  "pull  rod"  may  be  screwed  to  facilitate  the  removal  of 
the  valve.    It  should  be  noted  that  mark  P,  is  scribed  on  the 


EXHAUST  VALVE 


seat  to  locate  the  steam  edges  of  the  port,  and  another  V,  on  the 
valve  to  indicate  the  position  of  its  steam  edge.  These  marks 
are  used  in  setting  the  valves,  since  the  ports  and  edges  are  not 
visible. 

The  Valve  Gear. — The  mechanism  by  which  Corliss  valves 
are  operated  is  quite  different  from  the  plain  slide  valve  gear. 
Pot  ordinary  service,  where  the  maximum  cut  off  is  under  one- 
half  stroke,  all  the  valves  receive  their  motion  from  a  single 
eccentric.  Heavy  duty  engines,  requiring  a  long  range  cut  off, 
have  two  eccentrics,  one  for  steam  valves,  and  the  other  for  the 
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1^5        exhaust    valves. 

■2.1^  Fig.  880  shows 
the  general 
arrangement  of 
the  Corliss  gear 
with  a  single  ec- 

^-.g        centric.     The  re- 

ll"  ciprocating 
motion  obtained 
from  the  eccentric 
is  transmitted  as 
usual  by  the  ec- 
centric rod  to  a 
rocker,  or  carrier 
arm;  this  arm  is 
connected  by  a 
carrier  rod  to  a 
wrist  plate,  or 
wheel  pivoted  to 
an  arm  which 
.projects  from  the 
side   of   the   cyl- 

1  inder. 

■S 

I  The  carrier  rod 

8  has  a    V  shaped 

*  bend  B,  which 

■a  when,  the  gear  is 

'i  connected,  engages 

a  withapinP.onuie 

O.Li.3  shown     in    the 

J I  a  figure,  the  carrier 

S'S'3  rod  is  disconnected 

il^  .  or  unhooked.    The 

gig  I  object  of  this  is  to 

'  u2S^  aUow  the  gear  to 

fc  be     operated     by 
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hand  in  starting;  after  working  the  condensed  steam  out  of  the  cylinder^ 
and  giving  the  engine  a  few  turns  with  the  wrist  plate  operated  by  hand, 
the  U  bend  of  the  carrier  rod  is  allowed  to  drop  on  the  pin  and  the  engine 
come  to  «peed;  the  gear  then  receives  its  motion  from  the  eccentric. 

When  the  carrier  rod  is  hooked  to  the  wrist  plate,  the  motion 
of  the  eccentric  causes  the  latter  to  oscillate  about  its  center. 

Attached  to  the  wrist  plate  are  four  rods  which  transmit  motion 
to  the  valves.    The  upper  ones  are  called  the  steam  rods  because 
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Fig.  881. — Illustrating  the  peculiar  action  of  the  wrist  plate  and  valve  rods  which  produces  a 
rapid  opening  and  closing  of  the  ports,  with  a  slower  movement  during  the  closed  x>eriods. 
This  reduces  wire^lrawing,  thus  utilizing  the  steam  to  better  advantage. 

they  operate  the  steam  valves,  and  similarly,  the  lower  ones 
are  known  as  the  exhaust  rods, 

'Vhe  success  of  the  Corliss  gear  is  due  in  part  to  the  peculiar  motion 
given  the  valve  by  the  action  of  these  rods  and  the  wrist  plate.  This  is 
illustrated  b)r  the  diagram,  fig.  881,  which  shows  the  valves  and  wrist 
plate  connection  at  one  end  of  the  cylinder. 
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Pics.  882  to  8M.— Wlttt-Coriias  valve  Be"-  Kg.  882. 
•team  valvB  see,!;  fig.  833,  sUam  valvagesTBbowing 
knoolt  off  bar;  fig.  8^4  to  803,  steam  valve  seardis- 
■nembled;  fitt- 8U4.  dash  pot.  The  eomiMt  nale* 
gear  comprises  a  wrist  plate  with  radial  valve  rodi 

attached  to  the  valve  BtemA,  the  steam  valve  etema 
beingfitted  nitb  trip  blocks,  drop  levers,  Imock  aS 
levenand  drop  rods  conoBctinff^ith  double  vacuum 
d*ah  potl.  The  f  ovtmor  cranka  are  mounted  on  the 
valve  bonnet,  being  brongbt  as  dose  to  the  cylinder 
*1  poBlible.  Thev  are  provided  with  fiber  knock  oB 
cama  on  top  aad  brua  eafety  cams  at  the  side.  The 
knock  oft  ban  are  steel  forginas.  aod  art  keyed  to 
one  end  of  the  valvt  book  stgnis,  on  the  other  end  of 
which  an  located  the  valve  hook  (terns,  on  the  other 
endof  whkh  araIoCBt«d  thsvalve  hooka  or  trip  pins. 
The  knock  off  levera  are  aoarraDaed  as  to  work  with- 
out springs,  but  swings  an.  DSvertheless.  provided 
as  a  safeguard,  Tha  trip  pins,  or  valve  hooks,  as 
they  an  sometimes  desigoated.  have  hardened  steel 
trip  plates,  with  eight  wearing  edges,  which  engage 
Gomsponding  haidoied  steel  trip  plates  on  the  doui 

Evided  with  a  specif  adyustment  for  regulating  the  amount 
h  potcranksarekeyed  to  the  valve  stems  AndarepTOvided 
r3ds  are  attached.     The  steam  arms  an  provided  with  automatic 
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In  operation,  the  angularity  of  the  steam  and  exhaust  rods  varies  in 
such  a  manner  that  the  valves  move  rapidly  at  the  time  a  quick  movement 
is  desirable,  as  at  admission  and  release,  and  slowly  after  the  ports  have 
been  fully  opened,  and  closed.  The  latter  featiu-e  makes  it  possible  to  use 
smaller  valves  than  would  be  otherwise  practicable  because,  on  account 
of  the  retarded  movement,  a  given  angular  motion  jdelds  a  larger  port 

Covernop  rod 


Steam  valve  ^tem 


'Knock-off  ring 
cam 


\pod 


Dash 
pot  d^m 

Valve 


Trip  cam 

atch 
^haft 


^Knock-off 
bap 

block 
\StcQm  arm 


Pig.  895. — ^Bates  inertia  releasing  gear.  The  dash  pot  arm 
is  a  bell  crank,  one  arm  carmng  the  dash  port  rod  and 
the  other  the  latch  block.  The  dash  i)ot  arm  is  keyed 
to  the  steam  valve  stem  and  a  hub  on  its  inner  side  fits 
into  a  bored  recess  in  the  steam  bonnet  which  increases 
the  bearing  surface.  The  steam  arm  is  driven  by  tiie 
valve  rod  in  the  ttsual  way.  A  substantial  boss  carries  the  latch  shaft  to  which  the  knock 
off  bar  is  firmly  keyed.  Ilie  knock  off  ring  is  controlled  by  the  governor,  through  the 
gtxvemor  rod,  and  carries  the  trip  cam  and  safety  cam.  The  latter  only  comes  into  opera- 
tion in  the  event  of  some  mishap  to  the  governor,  when  it  is  thrown  into  such  position  that 
the  valves  cannot  be  opened.  In  oi>ening  the  valve,  the  valve  rod  moves  to  the  left  and  the 
latch  shaft  engages  the  latch  block  in  the  position  shown,  and  continues  in  its  path  until  the 
tail  of  the  knock  off  bar  comes  in  contact  with  the  trip  cam  and  is  wiped  outward  raising  the 
latch  tmtil  the  dash  pot  arm  is  released.  The  dash  pot  then  comes  into  action  and  returns  it 
to  the  original  position.  The  follower  pin  is  firmly  fixed  to  the  steam  arm  and  closes  the 
valve  if  for  any  reason  the  dash  pot  fail  to  work.  The  construction  and  balancin£[  of  the 
latch  shaft  and  knock  off  bar  are  such  that  the  inertia  due  to  the  reciprocating  motion  and 
the  gravity  of  the  parts  insures  an  automatic  latching  action  at  the  end  of  the  return  stroke 
without  the  use  of  any  spring,  and  in  turn  assists  the  unlatchixig  at  the  ix>int  of  cut  off, 
thereby  reducing  the  reaction  on  the  governor. 
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opening  than  could  be  had  with  a  straight  motion  of  the  rod.  In  the 
diagram  the  valves  are  shown  in  several  positions.  It  should  be  noted  that 
s  the  steam  valve  opens  through  the  angle  A  O  B,  the  angularitv  of  the 

K^am   mH    Wlfh   r«;nwii  tn  t.fn*  tmrn  arfv  nf  mnti^ti    A  R  pnrT  A'  R'  i*i  at  fl 


or  high  speed.    The  Ifttchmg  or  hooldng 
a  PICK  up  Plunger  inraugh  the  Ktion  of  gravity.    The  eagagwe 

be  pielc  up  plunaar  and  the  ateel  block  on  the  steam  crank  are 

ahnys  parallel  duiinii  Uioir  worBng  periodiTtaua  pmlongine  the  wear  of  the  ateel  block  edges. 

When  the  wrist  plate  is  moving  from  C,  to  A',  during  the  dosed  period 
of  the  valve,  the  angularity  is  greatest,  resulting  in  a  retarded  valve 
movement. 

A  positive  motion  is  given  the  exhaust  valves,  from  the  wrist 
plate,  but  a  different  method  of  operation  is  employed  for  the         l 
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steam  valves.  The  closing  motion  of  the  valves  at  cut  off  is  not 
positive,  but  is  obtained  by  a  releasing  device  which  at  the  point 
of  cut  off  disconnects  the  valve  from  the  main  gear  and  allows 
it,  with  the  aid  of  the  dash  pot,  to  drop  or  close  with  great 
rapidity.* 

This  is  one  of  the  chief  features  of  the  Corliss  gear,  and  its  action  is  both 
an  advantage  and  disadvantage. 

Its  good  features  are  the  rapid  cut  ofE  obtained  which  reduces  wire 
drawing,  and  thus  increases  the  economy:  also  the  great  range  of  cut  oflE 
secured  without  any  reduction  in  port  opening. 


OUTSlDf  INSIDE  DOUBLE 

ADMISaiOM  ADMISSION  ADMISSION 

Figs.  897  to  STO.~-Tvpe3  o£  Corliss  steam  valves.  Pig.  807  shows  an  outside  admission  vslvB, 
giving  a  direct  movement  with  the  half  moon  gear;  fig.  SeS  illustiales  inside  admission,  the 
valve  being  operated  directly  by  the  oval  arm  ^ear.  A  double  admission  valve  is  shown  in 
fig.  899.  This  valve  can  be  designed  to  move  either  way  in  admitting  steam.  Outside  and 
inaide  admission  valves  may  be  used  wicb  either  type  of  geai,  in  some  cases  an  indirect 


It  has  the  objection,  however,  that  the  rotative  speed  of  the  engine 
is  linjited  on  account  of  the  non-positive  action  of  the  steam  valves.  High 
piston  speed  with  this  gear,  therefore,  involves  a  long  stroke,  and  the  slow 
rotative  speed,  a  la:^e  fly  wheel.  On  account  of  these  limitations,  a  new 
type  or  so  called  "Corliss"  has  appeared,  in  which  there  is  direct  con- 
nections between  the  wrist  plate  and  the  steam  valves,  the  cut  off  being 
regulated  by  varying  the  travel  of  the  wrist  plate  motion  through  the 
travel  of  the  wrist  plate  motion  through  a  governor  and  link. 

Engines  of  this  class  are  properly  called  fow-wUve  non-releasing  engines; 
as  they  are  fully  described  m  a  separate  chapter. 


l: 


•NOTE.— 


CORLISS  ENGINES 


483 


The  action  of  the  releasing  gear  being  somewhat  complicated, 
will  now  be  «iplained  in  detail. 

The  Releasing  Gear. — ^This  part  of  the  Corliss  valve  gear, 
as  designed  by  the  different  builders,  varies  in  detail,  but  not 
in  principle.  There  are,  however,  two  general  classes  of  releasing 
gears: 

TO    GOVERNOR. 


eOVETRNOR   ARM 
VALVE   STE 
SAFtTV   CAM 


Loose    DISC 

CUT   OFF  ARM 


A&MISSION   ARM 


HOOK  Die 


SPRl>48 


Pig.  900.— The  crab  claw  releastnsr  gear;  view  showing  parts.  In  operation,  the  admission  arm 
is  moved  by  the  steam  rod  to  the  right  giving  outside  admission.  When  in  its  movement 
Uie  crab  claw  is  depressed  by  the  knock  off  cam,  the  hook  die  releases  the  stud  die,  and  the 
valve  is  suddenly  closed  by  the  dash  pot  thus  cutting  off  steam. 

1.  Those  in  which  the  valves  rotate  toward  the  center  of  the 
cylinder  in  admitting  steam,  as  in  fig.  897. 

2.  Those  in  which  the  valves  rotate  toward  the  ends  during 
admission,  as  in  fig.  898. 
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Among  the  gears  included  under  the  first  division  are  the 
familiar  crab  claw,  and  half  moon  types;  those  of  the  second 
division  are  generally  of  a  form  known  as  the  oval  arm  gear. 

Grab  Claw  Gear. — This  type  of  releasing  gear  was  used  on 
the  original  Geo.  H.  Corliss  engine,  and  is  still  to  be  found  in 
operation. 

As  shown  in  figs.  901  and  902,  the  valve  stem  passes  through  a  stuffing 
box,  and  a  bracket  which  forms  a  bearing.    Keyed  to  the  end  of  the  valve 


Pigs.  901  and  902. — ^The  crab  claw  xeteasing  g^ar  as  used  on  the  Geo.  H.  Corliss  eogme.    This 
type  of  gear  is  still  in  use. 


stem  is  a  crank  having  two  arms  A,  and  A/*  the  arm  A,  is  for  admission, 
and  A',  for  cut  off. 

The  admission  arm  terminates  in  a  bearing,  through  which  passes  the 
steam  rod  D;  this  bearing  contains  a  stud  dte  F.  There  is  a  disc  which 
turns  loosely  on  the  valve  stem  between  the  crank  and  the  bracket  bearing; 


*NOTE. — On  the  half  moon  and  oval  arm  gears,  there  is  only  a  single  crank  keyed  to  the 
valved  stem;  it  is  called  the  steam  arm. 
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a  projecting  arm  I,  connects  this  with  tho  fovemor  rod.  Attached  to  the 
circumference  o£  the  disc  is  a  knock  oS  cam  or  button  H,  and  a  safety  cam  ca 
button  H'.    These  cams  ate  shown  more  dearly  in  fig.  900. 

A  "crab  claw"  is  pivoted  to  the  steam  rod  at  E,  and  pressed  against  the 
disc  by  a  spring.  Attached  to  the  lower  member  of  the  crab  claw  is  a 
iWkdieG. 


deter- 
b  claw 


.  The 
of  the 
nil  be 


Fig.  903, — Scctkniat  end  view  of  Pravidence  CoiUsa  Gylin^ei'  showing  valve  gi 
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An  important  part  of  the  releasing  gear  is  the  safety  cam  H';  its  otriect 
is  to  prevent  the  engine  running  away  in  case  the  governor  belt  break.  This 
cam,  as  shown,  is  attached  to  the  governor  disc  at  such  a.  pomt  that  when 
the  latter  is  in  its  extreme  position  (in  the  direction  of  late  cut  off),  the  cam 
will  depress  or  "knock  off"  the  crab  claw,  and  thus  prevent  engagenlent  of 
the  hook  and  stud  dies,  resulting  in  the  valve  remaining  closed. 

If  the  governor  belt  should  break  while  the  engine  is  runnibg,  the 
governor  balls  would  fall  to  their  lowest  position,  and  thus  turn  the  kiiock 
off  lever  to  the  extreme  position  which  will  bring  the  safety  cam  into  en- 
gagement with  the  crab  claw.  The  hook  then  will  not  raise  the  steam  arm, 
and  the  valve  will  remain  closed,  thus  shutting  off  the  steam  supply. 

To  avoid  disaster  in  case  the  governor  belt  break,  the  engineer 
should  not  fail  to  put  the  governor  safety  stop  tn  "running  position," 


Fig.  901. — Section  of  Rice  and  Sergent  inlet  iteam  bonaet  uid  valve  stem,  BbowioK  stulfiiiB 
box,  dnun  pipe.  etc. 

after  startirtg  the  engine,  otherwise  the  safety  cam  will  not  operate. 
Attached  to  the  steam  arm  is  a  rod  connecting  with  the  dask 
pot,  which,  by  its  action,  as  soon  as  the  dies  release,  quickly 
closes  the  \'alve.  The  dies  are  released  by  the  left  hand  end  of 
the  hook  striking  against  the  knock  (^  cam,  thus  causing  the 
supply  of  steam  to  be  cut  o£E, 

The  knock  ofi  cam  is  a  part  of  the  knock  off  lever,  and  the  latter  is  con- 
nected with  the  governor  by  the  governor  cam  tod.  The  point  erf  cut  off, 
therefore,  is  determined  by  the  position  of  the  knock  oS  cam  which  is 
controlled  by  the  action  of  the  governor. 
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A  hard  steel  block,  or  die,  projects  at  the  extremity  of  this  arm, 
forming  a  kook.  Another  block  called  the  stud  die,  is  attached  to 
the  steam  arm.  A  spring  presses  the  hook  arm  toward  the  stud  die. 

The  goKrnof  disc,  which  has  an  arm,  or  knock  off  lever,  works  loosely 
on  the  valve  stem,  and  has  attached  to  it  the  knock  off  and  tafely  cams. 
The  hook  arm  has  a  branch  called  the  iail  arm  projecting  toward  the 
governor  disc,  there  being  a  butlon  fastened  to  the  end  for  engagement  with 
the  cams.  A  rod  connecting  with  the  dash  pot  plunger  is  pivoted  to  the 
steam  aim  about  half  way  between  the  hub  and  stud  die. 


lumple  of  the  oval  uta  gMr  <riiich  it  uied 

When  the  steam  rod  moves  in  the  direction  for  admis^on,  the  half  moon 
will  rotate  and  raise  the  hook  stud. 

As  the  hook  arm  rises,  the  die  engages  the  stud  die  thus  lifting  the 

During  the  movement,  the  hook  stud  moves  in  an  arc  about  the  valve 
stem,  and  at  a  point  determined  by  the  governor,  the  button  on  the  tail 
arm  strikes  the  knock  off  cam  which  knocks  the  hook  die  away  from  the 
stud  die,  allowing  the  valve  to  drop  shut  by  the  action  of  the  dash  pot. 
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A  safety  cam  is  provided  which  engages  with  the  button  when 
the  governor  is  in  its  lowest  position,  thus  holding  the  dies  apart 
in  case  the  governor  belt  break. 

Oval  Arm  Gear. — ^This  is  practically  the  same  as  the  half 
moon  gear,  with  the  exception  that  the  admission  arm  as  shown 
in  figs.  927  and  928  projects  upward  in  order  to  get  the  opposite 


3AFCT 
CAM 


VALVE  STEM 


STUD  DIE 

HOOK  DIE- 
DASH  POT  ROD  PIN 


Fig.  928. — Detail  of  oval  arm  gear. 


motion  of  the  valve  for  outside  admission.     The  similarity  of 
the  two  gears  is  seen  from  the  illustrations. 

Dash  Pots. — The  quick  closing  of  the  steam  valve  giving  a 
sharp  cut  off,  is  one  of  the  excellent  features  of  the  Corliss  gear. 
In  the  earlier  engines,  the  steam  valves  were  snapped  shut  by 
springs,  or  weighted  plungers,  but  later,  a  more  satisfactory 
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operation  has  been  obtained  by  means  of  dash  pots,   whose 
operation  depends  on: 

1.  A  partial  vacuum,  to  secure  quick  closure  of  the  valves; 

2.  An  air  cushion,  to  absorb  the  momentum  of  the  moving 
parts,  bringing  them  quietly  to  rest. 

To  obtain  this  pneumatic  action,  the  dash  pot  is  fitted  with 
an  air  tight  plunger.  A  dash  pot  is  simply  a  cylinder  closed  at 
one  end,  and  accurately  bored  to  receive  the  plunger.  A  rod  con- 
nects the  latter  to  the  steam  arm  of  the  valve.     The     steam 


Pics.  92S  utd  930.— Rice  and  Sargent  dash  pots.  Fig.  929.  vacuum  type;  fig.  930,  spring  type. 
AccordiTiK  to  the  makers,  vacuum  pots  ate  preferably  limited  to  speeds  of  125  revolutions 
per  minutt.  and  spring  pots  to  250  revolutions.  Their  strengths  on  normal  lifts  are  tbe 
some.  On  light  loads  where  a  vacuum  pot  of  the  beat  design  may  not  close  pioperly,  the 
spring  pot  «ill  give  results  equally  good  aa  with  a  heavier  load.  The  dash  poU  of  either 
type  are  placed  with  their  top  flush  with  the  sole  plate,  and  no  piping  connections  are  nec- 
essary. Control  valves  with  easily  accessible  handles  are  provided  for  adjustment.  The  air 
is  confined  within  the  passages  of  the  pot  and  so  gives  practically  soundless  operation. 

arm,  then,  as  it  is  raised  by  the  hook,  lifts  the  plunger  which 
produces  a  partial  vacuum  in  the  dash  pot.  When  the  hook 
releases  the  steam  arm,  the  pressure  of  the  atmosphere  on  top 
the  plunger  causes  it  to  quickly  drop  and  close  the  valve.  The 
compression  of  air  remaining  below  the  plunger  forms  a  cushion 
which  prevents  shock. 

Tbe  pressure  in  this  type  of  dash  pot,  then,  must  be  below  that  of  the 
atmosphere  during  the  first  portion  of  the  downward  stroke  in  order  to 
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shut  the  valve,  and  greater  during  the  latter  portion,  to  bring  the  parts  to 
rest.  Prom  this  it  follows  that  the  pull  on  the  dash  pot  rod  is  greatest  at 
the  beginning  of  the  downward  stroke  of  the  plut^er,  and  on  account  of 
the  low  initial  vacuum,  it  is  very  little  if  any  at  the  point  where  the  steam 
valve  closes.  The  speed  of  the  valve  at  this  point,  therefore,  is  not  as 
great  as  it  might  be  if  the  effect  of  a  good  vacuum  were  available  during 
the  entire  period  of  closure  of  the  steajn  valve. 

In  order  to  obtain  this  action,  the  single  plunger  dash  pot,  as  just  de- 
scribed, has  been  modified  by  the  addition  of  another  plunger  or  piston. 
Here  the  compression  is  earned  on  in  a  separate  cylinder,  which  permits 
of  a  higher  vacuum  for  dosing  the  valve. 


Pic.  931. — The  Hanu-Coriiaa  dash  pot  with  separate  compression  cylinder.  The  parts  are: 
V,  vacuuia  cylinder;  C,  compression  cyUnder;  P,  vacuum  plimger;  P,  compression  piston^ 
K.  check  valve;  M,  port  to  atmosphere;  &.  compression  regulating  ficre*. 

Separate  compression  dash  pots  are  used  on  most  Corliss 
engines  and  a  typical  construction  is  shown  in  fig.  931. 

As  shown,  the  dash  pot  consists  of  a  vacuum  cylinder  V,  and  a 
compression  cylinder  C.  Fitted  to  these  are  a  plunger  P,  and 
piston  P',  forming  one  casting.  At  the  end  of  the  vacutmi 
chamber  is  a  sensitive  check  valve  K ;  there  is  a  passage  M,  leading 


CORUSS  ENGINES 


from   the   compression   chamber   to   the   atmosphere,    and   its 
opening  is  regulated  by  a  screw  valve  S. 

The  operation  U  a»  foUouM: — As  the  steam  ann  riseB,  the  dash  pot 

rod  lifts  the  plunger  P,  causing  the  check  valve  S,  to  close,  producing  a  high 
vacuum  in  the  vacuum  cylinder  V.  The  travel  of  the  plunger  being  longer 
than  the  compression  cylinder  C,  the  piston  P,  is  carried  past  the  end  of 
this  cylinder,  thus  giving  access  to  the  atmosphere. 

When  the  steam  arm  is  released,  the  high  vacuum  in  the  cylinder  causes 
the  plunger  to  drop  with  great  speed  until  the  piston  enters  the  compression 
cylinder.    The  air  contained  therein  is  then  compressed  which  quietly  brings 


Corliss  Engine  Speed. — One  inherent  defect  of  the  Corliss 
engine  is  that  the  releasing  gear  is  not  adapted  to  high  rotative 
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speed.  In  many  power  installations,  this  is  a  drawback,  not 
only  because  of  the  increased  first  cost,  but  on  account  of  the 
space  occupied,  and  in  general  because  higher  speeds  are  attended 
with  greater  saving  in  the  use  of  steam.* 

For  many  years  70  to  80  revolutions  per  minute  for  the  small 
and  mediiun  sizes  was  considered  the  safe  limit  of  rotative  speed, 
and  later  from  90  to  100.    Since  then  Corliss  engines  are  com- 


PlO.  033.-~T^  Prick-CoiliB  duh  pot.  A  ■inils  cylinder  tn»  in  vkich  1 
annpra«non  mre  obtaiDed  ia  one  cylmdvr.  The  regulBting  device  is  ihi 
Tiki*  pot  DBcesMrily  operalei  on  a.  VKUum  at  lower  degree  than  the  sepi 
type,  nence.  a  larier  pluoicr  is  used  to  obtain  tike  requind  puU. 

monly  run  at  100  to  120,  and  those  especially  built  for  high  speeds, 
as  high  as  200  revolutions. 

1  the  design  of  the  releasing  gear 


•NOTE.— Accofditu , j , „ 

Ueyer  wain,  the  km  ia  tcoaoray  tot  about  ooe-lourth  cut  oS  ii  at  the  ra 

-' — ' *"^" er  for  each  decreaie  of  a  revOlatnn  per  minute  '--—  ■ 

■vafatha  lb.  of  water  below  26  revolationa.    I 

ki  not  rtpiftnt  the  abtolult  lea*,  beoauie.  ai 

d  would  have  eotreepondinalr  small  port*  and  paasaoes  thus  led 
Id  conodanUy  redooa  the  foaa  above  obtained. 
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The  inertia  of  the  releasing  parts  has  been  reduced  as  much  as  possible 
by  making  them  of  minimum  weight,  thus  rendering  the  dash  pot  action 
more  eSective. 

'  I-aiger  dash  pots  have  been  employed  to  secure  quicker  action  in  dosiag; 
the  v^ves. 


n  desinbis  qualities 


valvattem.  and  ths  teleaaiiig^ 

The  motion  of  the  gear  has  been  reduced  by  shorter  leverage  and  doubla 
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These  several 
refinements  per- 
mit considerably- 
high  er  rotative 
speeds,  than  is 
permissible  with 
the  ordinary  con- 
struction. 


An  example 
of  a  high  speed 
Corliss  valve 
gear  designed  as 
above  outlined 
is  shown  in  figs. 
934  >  and  935. 

•  Besides  the 
lightness  of  parts, 
short  leverage, 
and  reduced 
motion,  the 
steam  arm  is 
located  inside 
the  bracket 
between  the 
stuffing  box  and 
bearing  The 
stem  is  thus 
supported  on 
both  sides  of  the 
steam  lever  in- 
stead of  having 
the  latter  over- 
hung. This  gear, 
according  to  the 
builders  is  de- 
signed for  speeds 
up  to  175  revolu- 
tions per  minute* 

In  figs.  936 
iand937  is  shown 
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the    Franklyn    gravity   releasing    gear  for   which   is    claimed 
satisfactory  working  up  to  200  revolutions  per  minute. 

Its  chief  feature  is  the  placing  of  the  hook  arm  in  such  a  position  that 
gravity  assists  the  spring  m  moving  the  arm  to  engage  the  stud  die  of  the 
steam  arm. 


Ques.    In  what  respect  is  the  Corliss  gear  limited  when 
operated  by  a  single  eccentric? 

Ans.     The  releasing  mechanism  will  not  act  to  cut  off  later  than 
about  one  half  stroke. 


EXHAUST  VALVE 

!FiGS.  938  and  939. — ^Wisconsin-Corliss  small  clearance  exhaust  valve.  The  clearance  is  reduced 
byr  locating  the  valve  so  that  its  axis  is  tangent  to  the  cylinder  bore;  the  valve  as  thus  con- 
tained partly  in  the  cylinder  casting  and  partly  in  the  cylinder  head. 

Oues.    Why  is  this? 

Ans.  If  the  eccentric  be  set  at  90**  ahead  of  the  piston,  it 
will  reach  its  extreme  position  when  the  crank  arrives  at  half 
stroke.  If  at  this  point,  the  hook,  which  was  rising  and  opening 
the  valve,  has  not  struck  the  knock  off  cam,  it  cannot  strike  at 
all,  since  the  motion  of  the  wrist  plate  is  reversed  at  this  point; 
hence,  the  hook  and  steam  arm  will  begin  to  descend  thus 
gradually  closing  the  valve.    This  will  take  place  near  the  end 
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of  the  stroke  but  it  will  not  be  the  sharp  cut  off  as  produced 
by  the  sudden  drop  of  the  dash  pot  plunger  when  the  dies  are 
released. 

Ques.  Why  is  thie  single  eccentric  gear  unsatisfactory 
for  a  cut  off  later  than  one  half  stroke? 

Ans.  In  order  to  cut  off  later  than  half  stroke,  the  eccentric 
must  be  turned  back  until  it  is  less  than  90®  ahead  of  the  crank. 
This  decrease  in  the  angular  advance  causes  release  and  com- 
pression to  occur  too  late.    If  exhaust  lap  be  added  to  correct 

one,  it  will  increase  the  error  of  the  other  in  like  proportion. 

. 

For  instance,  if  the  exhaust  valves  be  given  negative  inside  lap  to  obtain 
earlier  rdease,  compression  will  be  delayed  an  equal  amount. 

The  Use  of  Double  Eccentrics. — In  the  preceding  questions, 
it  is  seen  that  the  Corliss  gear  with  one  eccentric  is  liniited  to 
cut  offs  not  exceeding  half  stroke. 

If  a  single  eccentric  be  set  with  the  least  possible  angular 
advance,  in  order  to  get  the  maximum  range  of  cut  off,  the  engine 
when  heavily  loaded  will  not  be  able  to  exhaust  the  steam  early 
enough  to  sufficiently  reduce  the  pressure  at  the  beginning  of 
the  rettim  stroke. 

If  the  eccentric  be  advanced  to  secure  early  release,  the  range 
of  cut  off  available  with  the  releasing  gear  is  so  reduced  that  the 
knock  off  cam  may  not  strike  the  hook  for  one  or  two  revolutions 
thus  increasing  the  trouble  which  it  was  desired  to  remedy. 

The  limitations  of  the  single  eccentric  gear  are  overcome  by 
the  addition  of  a  second  eccentric;  one  to  operate  the  steam  valves, 
and  the  other  jor  the  exhaust  valves.  Admission  and  cut  off  are 
thus  made  independent  of  release  and  compression.  The  steam 
eccentric  may  therefore  be  set  with  negative  ong^sx  advance 
to  obtain  a  late  cut  off,  and  the  exhaust  eccentric  with  positive 
angular  advance  to  secure  early  release  and  compression. 
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Pmt.  9*0  and  Ml.— -Filtsrayliadera 
Vi%htlnel»inAiIoubUttctntrics; 
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speeds,  Oouble  ecccnlric 
einti,  in  whicb  the  eibauM 
ves  are  actuated  bv  a  separate 


ing  the  compressloii. 
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ixi  delay  the  closing  o£  the  valve  until  after  release  in  which  case  live  steam 
would  blow  through  the  cylinder  into  the  exhaust  pipe.  To  guard  against 
this,  valve  gears  when  desired  for  two  eccentrics  have  a  maximum  cut 
o9  of  almost  full  stroke  within  the  range  of  the  releasii^  gear.  This  insures 
the  release  of  the  steam  arm  for  any  load  within  the  capacity  of  the  engine. 
Since  the  necessary  negative  angular  advance  which  must  be  given  the 
eccentric  to  secure  a  very  late  cut  off,  reduces  the  speed  at  which  the  valve 
opens  the  port,  poor  adinission  is  avoided  in  desigiiing  a  double  eccentric 
gear,  either  by  increasing  the  port  opening,  or  by  tSie  use  of  double  ports. 


'  Pig.  943. — Ths  Corliss  double  eccentric  valve  sear.  The  adausiion.  and  eihaust  valves  tn 
Derated  independBtitly  from  Hparate  nriit  pUles  S  Brid  B.  A  long  I'ange  cut  off  is  pouible 
wiih  this  gearijecaus*  the  aWam  featurea  may  be  varied  at  will  without  diiturbiog  the  exhaust. 

An  example  of  a  double  eccentric  valve  gear  is  shown  in  fig,  943. 
There  are  two  wrist  plates,  which  work  independently  of  each 
other.  The  steam  valves  are  connected  to  the  upper  plate  S, 
which  is  operated  by  the  steam  eccentric,  and  the  exhaust 
valves  are  connected  to  the  lower  plate  E,  operated  by  the 


vx>riiss  engine  ana  is  wen  aoapiea  lor  iignc  auty. 
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Figs.  944  aiid  945  diow  a,  front  and  rear  view  of  a  girder  frame;  a  beavy 
backboile  projects  from  the  rear,  as  illustrated  in  fig.  945,  directly  in  line 
with  the  strain.  The  form  of  the  gipJer  ^rame  is  such  that  the  required 
strength  and  stiffness  is  secured  with  the  least  amount  of  metal 

Where  the  conditions  of  operation  are  more  severe,  a  frame  of 
heavier  construction  is  desirable,  such  as  shown  in  figs.  946 
and  947. 


FiC!.  MS  End  MT,— Front  and  nor  views  o(  b  semi-heavy  duty  CorliH  Frame.    The  metal  is 
_  carried  dona  to  the  faundBtioa.  giving  a  more  Gubstantiid  conaliuctioii.  . 

called  "straight  line"  design  in  which  the  walls  extend  in  practically  straight 
lines  from  the  main  bearing  to  the  cylinder,  this  bringing  the  metal,  as  near 
as  possible,  in  the  direction  of  the  strain  so  as  to  reduce  bending,  or  twisting 
stresses. 

With  the  advent  of  electric  railways,  and  the  plan  of  trans- 
mitting power  by  electricity,  a  new  type  of  frame  came  into 
use,  which  has  become  generally  known  as  the  "heavy  duty," 
or  Tangye.     The  true   Tangye   frame   was   designed    by   an 
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English  engineer  of  that  natne,*  and  is  to  be  found  on  Corliss 
engines  only  in  its  modified  fonn,  such  as  is  shown  in  fig.  948. 

Starting  with  a  massive  bearing,  the  metal  is  placed  in  straight  lines 
between  it  and  the  guide  casting  to  which  it  is  bolted,  although,  in  the 
smaller  sizes  the  frame  proper  and  guide  are  sometimes  cast  in  one  piec«. 
The  frame  terminates  in  lines  of  symmetry  and  strength  to  form  a  circular 
end  which  receives  the  guide.  The  graceful  down  sweep  curve  at  this  point 
is  characteristic  of  the  Tangye  design. 

The  end  and  side  walls  are  carried  down,  and  sometimes  an  enclosing 
bottom  is  provided,  which  distributes  the  weight  and  stresses  to  the  foun- 
dntion,  and  also  forms  a  receptacle  to  catch  oiL 


Pig.  048.— Vilter  heavy  duty  Coriii 


Pic.  B4B. — Tie  Tangye.or  heavy  duty  trai 
tlw  Poiter-AUen  ensine. 


^•NOTE.— The  regular  Tang; 
a,  Budceye,  e 
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To  meet  the  severest  conditions  of  service  where  high  speed 
and  high  pressure  are  required,  a  frame  of  the  inost  substantial 
construction  is  necessary.  This  type  is  known  by  some  as  the 
rolling  mill  frame,  because  of  its  universal  adoption  for  that 
service. 


Pig.  9S0. — A  roUing  mill,  or  utra  heavy  duty  fmne;  this  is  a  modilied  Tangye  frame  of  verjr 


n  of  the  Munay^Coiliii  railing  mill  f  nme.    A  di 
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construction.  The  frame  and  guide  are  cast  ia  one  piece,  and  it  should 
be  noted  that  the  metal  of  the  tatter  is  carried  down  to  the  foundation 
givii^  additional  support. 

Another  de^gn  of  exb^  heavy  dut^  frame  is  shown  in  figs.  OSl  and  952. 
This  is  aiso  a  one  piece  frame,  and  its  very  substantial  and  mas^ve  con- 
struction is  indicated  1^  the  cross  sections,  figs.  953  to  956. 

Setting  Corliss  Valves;  Single  Eccentric. — ^Adjusting  the 
Corliss  valve  gear  should  present  no  difficulty  when  once  its 
construction  and    principles  of  operation  are  understood.     In 


Pigs.  B53  sod  950. — Ctoh  tectkau  of  thoMiimy»Corli»iolline  mill  frame,  ihowinilhe  heavy 
and  sabfltaDtial  conatructioa, 

fact,  part  of  the  work  has  been  done  by  the  engine  builders  in 
scribing  the  necessary  reference  marks  on  the  gear  during  its 
construction.  Marks  corresponding  to  the  steanv  edges  of  the 
valves  and  ports  are  scribed  on  the  end  of  each  valve  and  seat 
respectively,  as  shown  in  figs.  877  and  878, 

There  are  on  the  back  of  the  wrist  plate  hub  three  marks, 
A,  B,  C,  as  shown  in  fig.  957,  and  one,  D,  on  the  wrist  plate  stud. 
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When  A,  registers  with  D,  the  wrist  plate  is  in  its  neutral  position; 
similarly  when  B,  or C,  registers  with  D,  the  valve  is  in  one  of  its 
extreme  positions.  In  some  cases  the  marks  are  arranged  as 
^own  in  fig.  960. 

] 


NEUTRAL 


EXTREME 

1= 


HUB 


EXTREME 


WRIST    PLATE 


HOOK  PIN 


Fic,  857. — ^Reference  marks  on  the  wrist  plate  and  stud  for  valve  setting.    When  D,l_^ 

with  A,  the  wrist  plate  is  in  its  neutral  position;  B  and  C,  indicate  tne  extreme  pontioos. 


Fig.  958. — A  second  arrangement  of  the  ^rrist  plate  and  stud  reference  marks.    In 
the  marks  are  reversed.  A.  B,  and  C,  being  on  the  plate,  and  D.  on  the  stud. 
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The  sev^f  ai  xsp^adoteitai  be 
performed  'in  ^  setlSl]^  «<^kB&6 
valves  are  as  followsj    ^  ,^ 

1.  Squaring  fl^  wrist  ^tfi^xind 
rocker;       •     '  ^  •- 

2.  Squaring  the  valves; , 

3.  Adjusting  the  das^  pot  rods; 

4.  Setting  the  eccentric,  equaliz- 
ing  the  lead;  ■  -  ^ 

5.  Adjusting  the  governor  con- 
flections. 

1.  Squaring  the  Wrist  Plate 

and  Rocker .-^Thfej&i^t  step  in 
setting  the  valyp  ^is'  \o  unhook 
the  carriec .  rod^  .^di  put  the 
wrist  plateinits  ifetftKtl  position, 
that  is,  the  posfticffln  shown  in 
figs.  957  and  9607wEere  line  A, 
is  opposite  D. 

The  wrist  plate  should  be  damped 
in  this  position  hy  pladng  a  piece 
of  paper  between  it  and  the  washer 
on  the  supporting  inn.  K  the  marks 
A,  andDi  havebeeh  correctly  located, 
a  plumb  line  from  the  center  of  the 
hook  pin  as  shown  in  fig.  959  should 
register  with  the  center  of  the  wrist 
plate. 


^.•' 


••:i  :., 


The  rocker   Shcml*-  fiow  >  be 
placed  in  B,yertiQalp6^iQnwii!ii 
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a  plumb  bob,  and  the  length  of  the  carrier  rod  adjtisted,  if  nec- 
essary, so  that  it  will  engage  with  the  hook  as  shown  in  the  figure. 

The  rocker  is  conveniently  brought  into  a  vertical  position  by  ttiming 
the  engine  over  until  it  is  vertical  as  determined  by  the  plumb  bob,  taking 
special  care  before  doing  this  to  shorten  the  dash  pot  rods  enough  to  prevent 
the  steam  arm  die  being  forced  against  the  hook  arm  shoulder. 

2.  Squaring  the  Valves. — When  the  back  bonnets  are 
removed,  the  reference  lines  which  indicate  the  steam  edges  of 
the  valves  and  ports  will  be  visible  as  shown  in  fig.  960.  The 
distance  between  these  lines  P,  V,will  indicate  the  lap  when  the 
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Fig.  mo. — Valve  and  port  reference  lines.   When  the  bonnet  is  xemoved  these  lines  are  visible, 
and  are  used  to  set  the  valve. 

wrist  plate  is  in  its  neutral  position.  Being  thus  guided,  the 
steam  valves  are  given  a  slight  amount  of  lap  by  lengthening  or 
shortening  the  steam  rods  K,  K,  fig.  961,  the  wrist  plate  beiAg. 
still  clamped  in  its  neutral  position. 

Similarly,  the  exhaust  valves  are  put  in  line  and  line  position 
or  given  a  very  small  amount  of  lap  by  adjusting  the  exhaust 
rods  L,  L. 

It  should  be  noted  that  the  object  in  giving  steam  lap  to  Corliss 
valves  is  quite  different  from  the  result  sought  with  the  slide  valve: 
Lap  is  given  a  slide  valve  to  obtain  a  desired  cut  off,  while  with 
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the  Corliss  gear,  its  object  is  to  secure  the  most  favorable  angular 
advance  of  the  eccentric. 

As  has  been  mentioned,  the  eccentric  should  have  some  angtdar 
advance  in  order  to  secure  pre-release,  and  the  proper  amount 
of  compression. 

The  usual  amount  of  steam  lap  for  small  engines  is  from  ^  to  ^  inch, 
and  from  K  to  J^  inch  for  the  larger  sizes.*  iSie  builders  of  the  Reynolds- 
Corliss  engines  recommend  that  the  valves  be  set  according  to  the  following 
table  lap  and  lead. 

Table  for  Setting  Valves 


Diameter  of  Cylinder 


8  to  12 
14  to  20 
22  to  30 
32  to  36 


Steam  Lap 

Exhaust  Lap 

Lead 

A 

A 

^ 

H 

H 

A 

A 

A 

%. 

H 

14. 

A 

3.  Adjusting  the  Dash  Pot  Rods. — ^This  is  a  very  important 
adjustment.  If  the  rods  be  too  short,  the  steam  valves  will  not 
open,  if  too  long,  the  rods  will  be  bent,  or  the  bonnets  broken^  or 
both.  To  make  this  adjustment,  the  wrist  plate  is  turned  by 
hand  to  its  extreme  position,  that  is,  until  B,  or  C,  of  fig.  957 
registers  with  D. 

When  the  plunger  is  down  as  far  as  it  wiU  go,  as  in  fig.  962, 
the  dash  pot  rod  D,  should  be  adjusted  so  that  the  hook  on 
shoulder  H,  will  safely  clear  the  steel  die  S^  on  the  steam  arm, 
leaving  a  margin  M,  between  the  hook  die  E,  and  steam  arm  die  S. 


4.  Setting  the  Eccentric. — The  paper  which  was  inserted 
between  the  wrist  plate  and  its  washer  may  now  be  removed  so 
that  the  wrist  plate  can  turn.     After  doing  this,  the  engine 


.  *N0TE. — The  reason  for  the  increase  in  lap  is  to  praserve  the  same  angular  advance  of 
the  eccentric  for  engines  of  different  sizes.  In  order  to  do  this,  the  lap  must  be  increased  in 
proportion  to  the  travel. 
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is  placed  on  the  dead  center  and  the  eccentric  located  "by  eye." 
The  lead  is  measured  and  the  engine  turned  over  to  the  other 
center.  If  the  length  of  the  eccentric  rod  be  correct,  both  leads 
will  be  the  same;  if  not,  the  lead  must  be  equalized  by  adjusting 
the  eccentric  rod  to  the  correct  length.  The  equalized  lead  will 
probably  be  too  great  or  too  little  since  the  eccentric  was  set 
by  eye;  it  remains  then  to  change  the  position  of  the  eccentric 
until  the  valves  show  the  desired  lead  as  given  in  the  table. 


Pig.  962. — Detail  of  valve  gear  illustrating  adjustment  of  dash  pot  rod. 


The  foregoing,  of  course,  applies  to  engines  having  the  eccentric  fastened 
with  set  screws.  In  some  cases,  especially  on  large  engines,  when  the 
eccentric  is  keyed  to  the  shaft  the  position  of  the  eccentric  is  fixed,  and 
the  steam  lap  as  given  in  the  table  is  subject  to  correction. 

After  the  wrist  plate,  valves  and  rocker  have  been  squared,  and  the 
lead  equalized,  if  the  correct  lead  be  not  obtained,  the  engine  is  placed  on 
each  dead  center,  and  the  length  of  the  steam  rods  (K,  K,  fig.  961)  adjusted 
until  the  valves  show  the  proper  lead  as  given  in  the  table. 

If  for  any  reason  it  be  desired  to  change  the  position  of  the  eccentric 
as  for  instance,  to  increase  the  range  of  cut  off,  it  may  be  done  by  fitting 
an  offset  key. 

The  setting  of  a  Corliss  eccentric  is  governed  by  the  same  principles  that 
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apply  to  the  slide  valve  eccentric;  the  operations  differ  only  in  minor 
details.  For  instance,  it  is  not  necessary  to  place  the  Corliss  eccentric 
**by  eye"  a  little  ahead  of  its  correct  position  when  equalizing  the  lead 
as  both  positive  and  negative  lead  may  be  easily  measured  from  the  refer- 
ence marks.  Instead  of  wedges  for  measuring  the  lead,  this  is  conveniently 
done  by  means  of  dividers. 

5.  Adjusting  the  Goveraor  Connections. — There  are  two 
governor  cam  rods  H,  H,  by  which  the  controlling  action  of  the 
governor  is  transmitted  to  the  knock  off  levers,  as  shown  in 
fig.  961.  By  lengthening  or  shortening  these  rods,  the  point  of 
cut  off  may  be  adjusted.  In  doing  this,  the  governor  sleeve  is 
raised  by  means  of  the  safety  stop. 

This  prevents  the  governor  reaching  its  lowest  position,  and  brings  it 
in  the  lowest  position  in  which  the  hook  should  en^ge  the  steam  arm. 

With  the  governor  in  this  position  the  carrier  rod  is  unhooked 
and  the  wrist  plate  turned  by  hand  to  one  of  its  extreme  positions. 
The  corresponding  steam  valve  will  now  be  wide  open,  and  in 
this  position  the  governor  cam  rod  H,  (fig.  961)  is  to  be  adjusted 
so  as  to  bring  the  knock  off  lever  G,  in  the  proper  position  to 
release  the  steam  arm  M,  thus  allowing  the  valve  to  close. 

The  wrist  plate  is  now  turned  to  the  other  extreme  position, 
and  a  similar  adjustment  made  at  that  end  of  the  cylinder. 

To  check  the  correctness  of  the  cut  off  adjustments,  the  governor  should 
be  raised  to  an  intermediate  position  and  blocked.  The  carrier  rod  is  then 
connected  to  the  hook  pin,  and  the  engine  turned  over  slowly  in  the  direction 
in  which  it  is  to  run,  noting  the  positions  of  the  crosshead  at  which  each 
cut  off  takes  place.  If  equal  cut  off  be  obtained  for  each  stroke,  no  further 
adjustments  are  necessary,  if  not,  the  length  of  the  cam  rods  should  be 
adjusted  until  the  pomts  of  cut  off  are  at  equal  distances  from  the  be- 
ginning of  the  stroke.  The  valve  bonnets  may  now  be  replaced,  and  the 
block  removed  from  the  governor  which  completes  the  setting  of  the  valves. 

Setting  Corliss  Valves,  Double  Eccentrics. — The  work 
of  setting  the  valves  of  a  Corliss  engine  having  two  eccentrics. 
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is  not  so  complicated  as  supposed  by  some.    It  is  rendered  easy 
by  keeping^  in  mind  the  principles  involved. 

Tlie  reason  for  two  eccentrics,  as  before  explained,  is  to  obtain  a  long 
range  cut  off  without  distorting  the  action  of  the  exhaust  valves. 

If  all  four  valves  were  operated  by  one  eccentric,  cut  off  could  not  take 
place  later  than  one-half  stroke  without  causing  release  and  compression 
to  occur  too  late.    This  is  due  to  the  negative  angular  advance  which 
.  most  be  given  the  eccentric  to  secure  late  cut  off. 

With  two  eccentrics,  then,  negative  advance  may  be  given  the  steam 
eccentric  to  get  a  late  cut  off,  and  positive  advance  to  the  exhaust  eccentric 
to  secure  early  release  and  compression. 

The  arrangement  of  this  steam  rods  of  a  single  eccentric  gear  is  such  as 
to  give  a  sl6w  initial*  movement  to  the  valve  while  the  port  is  still  covered 
with  positive  lap;  this  causes  the  quick  motion  period  of  the  valve  move- 
ment to  occur  while  the  valve  is  opening  the  port. 

The  steam  rods  of  a  double  eccentric  gear  are  arranged  to  mve  a  quick 
initial  valve  movement,  because  negative  lap  is  used  here,  which  causes 
the  valve  to  open  the  port  at  an  earlier  point  in  its  travel. 

It  follows  then,  that  a  valve  gear  designed  to  be  operated  by  a  single 
eccentric  cannot  very  well  be  made  to  cut  off  much  later  than  half  stroke, 
even  if  a  separate  eccentric  be  added,  because  -the  slow  initial  movement 
of  the  single  eccentric  gear  cannot  be  corrected  without  a  re-arrangement 
of  the  stestti  rods. 

In  setting  the  valves  of  a  double  eccentric  gear,  the  operations 
of  squaring  the  valves,  equalizing  the  travel,  etc.,  is  practically 
the  same  as  with  the  single  eccentric  engine.  The  various  steps 
axe  as  follows:  .  - 

1.  Squaring  the  wrist  plates  and  rockers; 

2.  Squaring  the  valves; 

3.  Adjusting  both  eccentric  rods,  equalizing  the  travel; 

4.  Adjusting  the  dash  pot  rods; 

5.  Setting  the  exhaust  eccentric; 

6.  Setting  the  steam  eccentric; 

7.  Making  the  governor  adjustments; 

8.  Final  adjustments,  with  indicator. 


•NOTE. — ^The  initial  movement  of  the  valve  means  the  beginning  of  its  movement  starting 
from  the  extreme  jiosition. 
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1.  Squaring  the  Wrist  Plates  and  Rockers. — These  are 
squared  in  the  same  way  as  with  the  single  eccQxitric  gear. 
That  is,  the  wrist  plates  are  placed  in  the  neutral  position  as 
indicated  by  the  reference  marks  and  clamped;  the  setting  is 
then  verified  with  the  plumb  bob.  Similarly,  after  unhooking 
the  carrier  rods,  the  rockers  are  placed  in  a  vertical  position 
and  the  carrier  rods  adjusted  to  the  proper  lengths,  using  plumb 
bobs  as  in  fig.  959. 


LINE  AND  LINE 


Pig.  973. — Squaring  the  valveB  with  doubtt  eeeentrict.  The  ■team  valyes  are  set  with 
negative  lap  which  is  usually  a  little  less  than  half  the  port  opening.  The  usiud  setting  of 
the  exhaust  valves  is  line  and  line  as  shown. 

In  squaring  the  rockers,  the  eccentrics  should  be  unloosened  on  the  shaft 
and  the  rockers  moved  by  turning  the  eccentrics  rather  than  ihe  engine. 


2.  Squaring  the  Valves. — ^These  are  squared  by  adjusting 
the  steam  and  exhaust  rods  the  same  as  with  the  single  eccentric 
gear.  However,  with  two  eccentrics,  the  steam  valves  are  set 
with  negative  lap,  which,  in  amount,  is  usually  a  little  less  than 
half  the  port  opening  as  shown  in  fig.  973. 
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The  object  of  this  negative  lap  is  to  so  locate  the  position  of  the  eccentric 
that  it  will  give  a  qtiick  movement  to  the  valve  in  opening  the  port. 

The  exhaust  valves  are  set  in  line  and  line  position  as  illus- 
trated in  the  figure. 

3.  Adjusting  the  Eccentric  Rods. — The  travel  of  the  valves 
should  be  equalized,  by  adjusting  the  lengths  of  the  eccentric 
rods.  After  unclamping  the  wrist  plates,  each  eccentric  is  turned 
on  the  shaft  so  as  to  bring  the  wrist  plates  in  the  extreme  posi- 
tions, noting  if  the  reference  marks  register  at  these  points. 
If  not,  the  eccentric  rods  are  to  be  adjusted  until  the  marks  come 
opposite  each  other. 

In  case  the  eccentrics  are  keyed,  or  not  easily  turned  on  the  shaft,  the 
engine  may  be  turned  over  instead,  in  eaualizing  the  travel.  //  this  he 
doney  great  care  should  he  exercised  to  see  that  the  dash  pot  rods  are  not  too 
longf  otherwise  the  valve  gear  may  he  injured  as  prevumsly  explained, 

4.  Adjusting  the  Dash  Pot  Rods. — The  length  of  these  rods 
is  adjusted  in  the  same  way  as  with  the  single  eccentric  gear, 
hence  no  additional  instructions  are  necessary.  It  is  well  to 
repeat,  however,  that  this  is  an  important  adjustment  and 
should  be  carefully  made.  //  the  rods  be  too  short,  the  steam  valves 
will  not  open;  if  too  long,  the  rods  will  be  bent,  or  the  bonnets 
broken,  or  both. 

5.  Setting  the  Exhaust  Eccentric. — This  is  usually  set 
first  as  it  is  next  to  the  shaft;  the  other  eccentric  then  may  be 
turned  out  of  the  way  if  necessary  in  tightening  the  set  screws. 

To  locate  the  position  of  the  exhaust  eccentric,  the  engine  is 
turned  in  the  direction  it  is  to  run  until  the  piston  is  brought  to 
the  point  where  compression  should  begin. 

The  distance  of  this  point  from  the  end  of  the  stroke,  ma}r  be  taken  at 
5  per  cent  of  the  stroke.    This  is  easily  measured  by  scribing  reference        / 
marks  on  the  cross  head  and  guide. 
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It  should  be  noted  that  the  steam  eccentric  will  be  either  in 
its  normal  position  of  negative  angular  advance,  or  at  a  half 
turn  (180*^  degrees)  from  this  position,  depending  upon  the 
type  of  the  valve  gear.  Thus,  with  the  half  moon  gear  and 
inside  admission  as  shown  in  fig.  977^  the  motion  of  the  valves 
must  be  reversed,  hence  the  steam  eccentric  must  be  given  a 
half  turn  to  the  right  as  shown  in  the  figure.  If  these  valves 
had  outside  admission,  the  steam  eccentric  would  be  in  its 
normal  position  as  shown  in  fig.  97Q. 


POSITIVE..  >!kOVANCE 
-NEGATIVE    ADVANCE 


NORMAL   POSITION  OF 
8TE>IM  ECCENTRIC 


■HALF  TURN"  POSITION 
rOR  INSIDE  ADMISSION 
HALF  MOON    GEAR 


Figs.  076  and  977. — ^niustrating  normal,  and  half  turn  positions  of  the  steam  eccentric.  The 
eccentric  is  placed  in  its  normal  position  when  its  center  moves  in  unison  wi^  the  hook  pin 
on  the  wrist  plate,  and  at  half  turn  position  when  they  move  in  opposite  directions.  For 
example,  the  eccentric  is  set  in  its  normal  i>08ition  for  the  crab  claw  and  oval  aim  gMXS, 
and  at  half  turn  position  for  an  inside  admission,  half  moon  gear. 


7.  Making  the  Governor  Adjustments. — The  method  of 
adjusting  the  governor  with  the  double  eccentric  gear  is  the 
same  as  with  single  eccentrics,  as  described  on  page  515. 
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8.  Final   AdjUBtments   with    Indicator. — It  is  desirEible 

after  setting  the  valves  that  an  indicator  be  applied  to  the 
engine  when  it  is  in  operation,  to  verify  the  valve  setting,  and 
make  more  accurate  adjustments  than  would  otherwise  be  possi- 
ble. In  using  the  indicator  the  following  directions  for  the  final 
adjustments  should  be  noted: 
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If  with  the  average  load  on  the  engine,  the  indicator  cards  from  the  two 
ends  of  the  cyUnder  be  unequal,  showing  that  one  end  is  doing  more  work 
than  the  other,  the  governor  rods  shoiUd  be  adjusted  to  cut  off  a  little  earlier 
at  the  end  with  the  larger  load,  and  a  Kttle  later  at  the  other  end. 

If  the  toe  of  the  diagram  turn  up,  showing  that  pre-release  is  too  late, 
the  eriiaust  rods,  with  single  eccentric  gear,  may  be  shortened  a  little,  not 
foi^tting  that  this  is  at  the  expense  of  reducing  the  compression.  Leng:th- 
ening  Uie  rods  iriU  increase  compression,  but  make  release  later. 


m^ 


}wfi]l  hook  and  device  for  discoanectrng  the  valve  gear  from 


With  the  double  eccentric  gear,  a  later  release  should  be  corrected  by 
giving  the  exhaust  eccentric  more  positive  angular  advance. 

If  the  card  appear  a  httle  late  aU  around,  the  eccentric  (or  eccentrics) 
should  be  set  a  trifle  forward. 

Any  small  changes  in  the  admission  lines  that  may  be  desired  without 
affectmg  the  rest  of  the  diagram  are  made  by  adjusting  the  steam  rods. 
Shortenmg  the  steam  rods  will  give  earher  admission,  while  lengthening 
them  will,  of  course,  produce  the  opposite  result.  Figs.  838  to  8i8  (page 
461)  in  the  chapter  on  Valve  Setting  show  effect  of  errors  in  valve  settii^ 
as  recorded  by  indicator  diagrams. 
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CHAPTER  15 


HOW  TO  RUN  A  CORLISS  ENGINE 


Before  Starting. — The  engineer  shotild  first  examine  the 
engine  parts,  and  satisfy  himself  that  every  thing  is  in  working^ 
order  before  attempting  to  start.  The  cylinder  lubricator,  and 
oil  cups  should  be  filled  and  set  for  the  proper  feed.  The  cylinder 
should  be  lubricated  with  the  best  grade  of  cylinder  oil,  the 
choice  depending  on  the  temperature  of  the  steam.  For  high 
pressure,  or  superheated  steam,  care  should  be  taken  to  select 
an  oil  having  a  sufficiently  high  flash  point. 

The  surfaces  of  the  cylinder  and  valves  will  be  improved  by  the  use  of 
flaked  graphite  prepared  for  the  purpose;  this  can  be  mixed  with  the 
cylinder  oil  and  injected  with  a  hand  pump,  or  fed  clear  in  a  cup  especially 
designed  for  it.  Graphite,  like  lard  oil,  is  excellent  for  hot  bearings,  besides, 
being  useful  in  other  ways;  it  should  be  included  in  the  list  of  engine  room, 
supplies. 

In  packing  the  piston  rod,  and  valve  stem  stuffing  boxes, 
care  must  be  taken  to  put  in  the  packing  evenly,  so  that  steam- 
may  be  prevented  escaping  without  the  necessity  of  screwing^ 
down  the  glands  so  tightly  as  to  interfere  with  the  free  movement 
of  the  rods. 


The  packing  should  be  changed  as  often  as  may  be  necessary  to  prevent 
it  becoming  hard  and  gritty;  keeping  it  too  long  in  use  may  be  the  means. 
of  gxxx)ving  or  creasing  the  rods,  iSiereby  occasioning  leakage  and  con- 
sequent trouble. 
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Figs.  981  to  983. — ^Right  and  left  hand  Corliss  engines,  and  diagram  iUustiating  the  term 
running  over  and  running  under. 
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Before  starting  the  engine,  the  drain  cock  on  the  steam  pipe 
should  be  opened,  and  any  water  that  may  have  accumtdated, 
blown  out.  After  placing  the  governor  safety  stop  in  starting 
position,  the  carrier  rod  is  unhooked,  and  the  starting  bar  in- 
serted in  the  wrist  plate.  With  the  throttle  valve  slightly  opened 
the  starting  bar  is  moved  back  and  forth  a  few  times  allowing 
a  little  steam  to  pass  into  the  cylinder  until  it  becomes  thor- 
oughly heated  and  freed  from  water. 

Starting. — ^The  engine  should  be  slightly  off  the  center  and 
the  proper  valve  opened  for  admission  by  means  of  the  starting 
bar.  The  throttle  is  now  opened  sufficiently  to  allow  the  engine 
to  gain  enough  momentum  to  pass  the  other  center.  Just  before 
reaching  the  end  of  the  stroke  the  wrist  plate  is  turned  to  the 
other  extreme  position  with  the  starting  bar  so  as  to  open  the 
opposite  admission  valve  for  the  return  stroke.  The  valve  gear 
is  thus  worked  by  hand  with  the  starting  bar  (the  carrier  rod 
being  still  unhooked)  and  the  engine  rtm  slowly  in  this  way  a 
few  revolutions. 

The  reason  for  working  the  valve  gear  by  hand  in  starting  is  that  the 
steam  valve  may  be  ftilly  opened  for  admission  at  the  beginning  of  the 
stroke,  thus  giving  free  entrance  to  the  steam;  this  is  espeoally  desirable 
in  starting  with  a  load. 

The  carrier  rod  is  now  hooked  to  the  wrist  plate  stud  and  the 
engine  gradually  brought  up  to  ftdl  speed. 

In  some  cases  where  there  is  very  Httle  load  at  starting,  hand  control  is 
not  necessary  after  the  preliminary  warming  up  process. 

It  now  remains  to  put  the  safety  stop  in  rtmning  position,  and 
it  should  be  noted  that  failure  to  do  this  may  result  in  a  wrecked 
engine,  and  loss  of  life. 

Before  starting  an  engine  for  the  first  time,  the  valve  gear 
should  be  tested  by  working  it  with  the  starting  bar  to  see  if 


^ 


528 

HOW  TO  RUN  A 

~ORLISS  ENGINE 

i 

1 

1 
1 

1 

1 

1 
1 

n 

1      n 

i 

1 

1 

i 

1 

HOIV  TO  RUN  A  CORLISS  ENGIJ^E  529 

_  - 

it  will  move  through  the  extent  of  its  travel  without  bind  or 
interference  anywhere,  special  attention  being  given  to  the  dash 
pot  rods  to  see  that  they  ate  not  too  long. 

Starting:  Jet  Condensing. — In  starting  a  jet  condensing 
engine,  care  should  be  taken  to  follow  certain  rules,  to  prevent 
water  entering  the  cylinder  with  its  attendant  dangers.  There 
are  two  methods  of  procedure,  depending  on  whether  the 
engine  has: 

1.  An  independent  air  pump;   or, 

2.  A  direct  driven  air  pump. 

With  an  independent  air  pump,  the  injection  valve  is  opened 
slightly  and  the  air  pump  started  to  its  normal  speed. 
When  the  vacuum  is  established  as  indicated  by  the  gauge,  the 
engine  is  warmed  up  in  the  usual  manner,  and  started  with  the 
hand  bar.  As  the  engine  is  being  brought  to  speed  after  hooking 
on  the  carrier  rod,  the  injection  valve  is  regulated  so  that  the 
supply  of  cooling  water  will  be  sufficient  to  condense  the  steam, 
otherwise  this  vacuum  will  fall. 

The  amoirnt  of  ccx)ling  water  and  speed  of  the  air  pump  must  be  regulated 
according  to  the  degree  of  vacuxmi  required,  being  careful  that  the  air  pump 
is  running  fast  enough  to  take  care  of  all  the  water  admitted.  It  is  therefore 
important  to  know  when  the  proper  supply  has  been  reached.  The  engineer 
is  guided  in  this  by  the  vacuxmi  gauge.  As  the  injection  valve  is  being 
opened,  the  vacuum  will  increase  up  to  a  certain  point  after  which  any 
additional  opening  of  the  valve  will  not  increase  the  vacuum.  This  indi- 
cates that  the  pump  is  receiving  all  the  water  it  can  handle,  and  any  excess 
would  tend  to  flood  the  condenser.  The  condenser  should  not  be  operated 
with  the  injection  valve  opened  to  this  extent  ^  but  should  be  closed  a  half  turn 
or  so,  or  until  the  vacuum  begins  to  fall  to  guard  against  exceeding  the 
capacity  of  the  pump.  If  a  higher  vacuum  be  desired,  the  speed  of  the 
pump  must  be  increased  to  take  care  of  the  larger  amount  of  cooling  water 
reqtured. 

A  steam  by  pass  should  be  fitted  to  the  exhaust  pipe  at  the  engine, 
especially  when  the  supply  of  cooling  water  is  at  a  lower  level  than  the 
condenser  in  order  to  facihtate  the  formation  of  a  vacuum  by  blowing  out 
the  air,  and  priming  the  condenser  with  steam. 


^ 
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In  starting  an  engine  having  a  direct  connected  air  pmnp,  the 
cylinder  is  first  warmed,  and  the  engine  set  in  motion  before 
opening  the  injection  valve.  This  allows  tiie  condenser  to  fill 
with  steam  which  displaces  the  air.  As  soon  as  the  engine  is  in 
motion  the  injection  valve  is  slightly  opened,  the  full  supply 
of  cooling  water  being  not  admitted  until  the  normal  speed 
has  been  reached. 


The  reason  for  this  is  on  account  of  the  air  pump  beii^  direct  con- 
nected, its  speed  will  vary  with  that  of  the  engine,  and  while  the  engine  is 
CORLISS  eueiNE 


MAIN  PUMP 

PiQ.  use. — CorliH  eosine  irith  Dunhsni  dirsct  conoBcMd  pump.    Ai  piped.  ■  vitor  li 
ii  placed  between  the  engiae  and  jet  condenier.  the  latter  bdng  attHched  to  the  pump 


flood  and  the  water  back  up  into  the  cylinder. 

In  the  chapter  on  "Engine  Management"  additional  instruc- 
tions will  be  found  on  starting  with  various  types  of  condensers. 

While  Running. — When  an  engine  is  in  operation,  the  care- 
ful engineer  will  give  the  proper  attention  to  lubrication,  to  see 
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that  none  of  the  bearings  are  heating,  and  keep  an  alert  ear  for 
any  unusual  noise. 

A  careful  study  should  be  made  of  the  oil  requirements  so 
that  each  bearing  will  receive  the  proper  quantity  and  no  more. 
In  places  not  provided  with  automatic  oil  cups,  it  should  be 
remembered  that  oil  appHed  frequently,  and  in  small  amounts 
is  more  efficient  than  spasmodic  flooding. 


pendulum  bob  vhich  keeps  th 
IS  held  in  place  by  a  cotter  pir 
of  the  tube.bowl^  joumaland 
coniwcling  tbe  oil  conduit  iD 

To  a  person  accustomed  to  the  re^lar  sounds  of  the  engine  room,^  the 
ear  is  quick  to  detect  any  unusual  noise  as  a  knock,  or  pound.  Sometimes 
assistance  in  the  detection  of  such  may  be  had  by  the  use  of  a  convenient 
piece  of  metal,  as  a  piece  of  pipe,  or  spanner,  one  end  being  placed  to  the 
ear,  and  the  other  against  that  part  of  the  engine  where  tie  trouble  is 
supposed  to  be  locatal. 
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Knocking  is  usually  caused  by  loose  adjustment,  a  loosened 
nut  or  bolt;  in  some  cases,  caused  by  parts  of  the  engine 
being  out  of  alignment,  or  a  shoulder  worn  at  the  cylinder  end  by 
the  piston. 

Heating  may  be  due  to  insufficient  lubrication,  poor  adjtist- 
ment,  or  bad  condition  of  the  bearings,  and  is  detected  by  the 
sense  of  feeling  or  smell. 


Pig.  S9I. — Main  beaiins  of  ths  Rice  and  Sargent  CoriisB  cogina.  It  la  of  tb«  four  pcfot  typt. 
havkig  bottom,  tide,  and  top  ahella,  and  both  Aide  ahella  are  adjustable  by  mcHU  of  guided 
wedflca  vbich.  as  shown,  drop  to  rele&ae  the  shaft,  thus  avoiding  a  poaaible  mjurioufl  piDchinff- 
Thebottom  shell  Tests  in  a  semi-eircular  seat,  making  it  possible  to  nmova  the  hottora  shelL 
by  iliibtly  raisins  the  shaft.  Lcii^e  siies  are  water  cooled.  Under  the  bottom  shell  and  in 
the  metal  of  the  bed  itself,  eicept  in  the  lamest  siiea.  is  a  large  oil  reservoir  from  which  oil 
is  fed  continuously  to  the  shaft  by  means  ofthc  chain  oilers,  as  shown.  A  drip  is  provided 
to  draw  this  oil  08  when  desired.  Proper  scoring  and  grooves  are  provided  to  secure  proper 
distribution  of  the  oil  to  the  journal.  The  sheUs  are  lined  with  Babbitt  metal  dovetailed 
into  place.  For  inspecting  the  shaft,  the  lop  shell  and  cap  are  provided  with  haid  h(^ 
fitted  with  cAst  iron  covers. 

Most  bearings  may  be  felt  by  the  hand,  being  cautious  to  avoid  acddent. 
U  a  bearing  heat  beyond  a  moderate  degree,  the  oil  will  give  off  a  burnt 
odor,  and  in  severer  cases,  will  smoke  freely,  giving  visible  evidence  o£  trouble. 

Small  leaks  at  stuffing  boxes,  joints,  etc.,  should  not  be  neg- 
lected, as  every  leak  means  a  loss  of  fuel.     In  adjusting  the  valve 
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fire  test  and  medimn  body  or  viscosity  shotild  be  used,  while  for 
low  pressure,  an  oil  of  low  fire  test  and  heavy  body  is  required. 
If  an  engineer  running  a  compound  engine,  have  only  the  high 
fire  test  oil,  he  can  sometimes  make  it  right  for  the  low 
pressure  cylinder  by  the  addition  of  ordinary  lubricating  oil. 
The  mixture  is  sometimes  improved  by  the  addition  of  a  table- 
spoon full  of  clean  tallow  to  the  quart.  Tallow,  however,  should 
be  used  with  caution,  and  not  as  a  regular  lubricant  because  it 
contains  acids  which  attack  the  metal  of  the  cylinder. 


nuOW  BLOCK  ANB 
I  fCCINTIIIC  OILm 


HtCEIVCR 


ceeiNTRic 

MMT 


XI  eBNmif  IIQAl  OILEt 
^B>..rMC«ANK9|N 

NS2 


Pig.  994. — ^Powell  oiling  devices  for  crank  pin,  pillow  block  and  eccentric. 


To  test  for  animal  oil,  a  two  oirnce  bottle  is  filled  half  full  of  water,  and 
a  stick  of  caustic  soda  or  potash,  or  a  little  strong  ammonia  added.  A 
sample  of  the  oil  is  potired  in  the  bottle  and  the  contents  well  shaken.  If 
animal  oil  be  present,  it  will  separate, and  leave  the  mineral  oil  intact,  except 
when  compoimded  in  special  ways  with  Neatsfoot  oil  when  the  mixture  will 
thicken.  This  test  may  be  used  to  indicate  if  lard,  sperm,  or  any  animal 
oil  is  adulterated  with  cheaper  mineral  products.* 


*NOTE. — Considerable  additional  information  on  oils  and  how  to  test  and  apply  them 
will  be  found  in  the  chapters  on  Lubricants,  and  Lubrication. 


indicates  that  the  minimum  oil  supply  has  been  reached. 
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This  method  applies  to  bearings  with  no  provision  to  catch  the  waste  oil. 
Where  a  receptacle  is  provided  for  drain,  no  such  refinement  is  necessary. 

The  main  bearing  of  Corliss  engines  is  usually  fitted  with  an  oil  well 
and  chain  distributer  as  shown  in  figs.  99t  to  993.     The  attention  here 


necessary  is  to  maintain  the  oil  in  the  well  at  the  proper  level,  and   to 
frequently  filter  same. 

The  base  plate  of  the  outboard  bearing  is  ustmlly  provided  with  a,  sur- 
rounding rim  forming  a  receptacle  for  waste  oil.  This  plate  should  be  tapped 
and  fitted  with  a  small  pipe,  to  drain  oS  the  oil  as  it  accumulates;  it  shcntld 
then  be  passed  through  a  filter  before  using  again  in  the  oil  cup. 


ME*  fmd  is  deaired. 


le  found  suitable  1 


Hot  Bearings. — When  the  ordinary  remedies  such  as  wateTi 

lard  oil,  and  easing  up  the  brasses  fail,  an  application  of  white 
lead  mixed  with  machine  oil  to  the  right  consistency  will  prove 
helpful.  A  small  can  of  white  lead  should  be  kept  on  hand  for 
this  purpose. 

Oil  Required  for  Cylinder. — It  would  be  safe  to  etate  that 
the  average  stationary  engineer,  having  charge  of  a  small  or 
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medium  size  Corliss  engine  will  use  from  4  to  10  drops  of  cylinder 
oil  per  minute  or  4  to  10  times  too  much.  Two  examples  here 
given,  and  known  to  the  author,  demonstrated  this; 

A  16X42  Reynolds  Corliss  engine  haa  been  operated  for  a  considerable 
period  with  one  drop  of  oil  per  minute. 

A  10  and  16X12  Thropp  fore  and  ait  compound  marine  engine  having 
slide  valves  was  run  with  one  drop  every  five  minutes  without  ill  effect. 
The  latter  ^cample  shows  how  little  oil  is  necessary  for  satisfactory  engine 
optx&tkm. 


Pic.  M9. — Plain  cySaiar  lubiicator  withoat  (iedit  teed. 

Pic  1.000. — Gnpliite  Bisht  fe«d  lubricBlor.     Tooptrale,- 

to  allmr  jteam  to  escape  from  cup;  then  cloao  nxulatii^  .  _ .,  ^_^ 

dtp  with  graphite.  ATter  replacing  filling  pluff,  ^oie  dr»ui  pitv.  open  Btcun  valve  twidt 
ua  ivffulat«  the  ienA'Ol  Draphiu  by  r^jiuating  valve.  The  iiffht  feed  glus  C4Ui  be  cleuif 
by  opening  drain  plug,  li  neceuary  to  replace  the  sight  feed  glass,  take  cup  aiart  by  meai 
of  lock  nut,  and  iude  the  new  glaia  down  thtougli  the  opening. 


The  engineer,  in  determining  the  rate  of  feed  for  any  par- 
ticular engine  ttrtist,  of  course,  be  guided  by  the  behavior  of 
the  engine  and  his  judgment  in  the  matter,  keeping  in  mind 
that  where  a  surface  condenser  is  used  and  the  condensate 
returned  to  the  boiler,  as  little  oil  as  possible  should  be  used. 

NOTE.— The  Vacaum  Oil  Co.,  claim 
mloate  to  one  drop  in  two  mimitea ,  oa  mSa 
mnning  83  R.  P.  M. 
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Contrary  to  the  popular  belief,  the  effect  of  wet  steam  Jn  a 
cylinder  does  not  act  as  a  lubricant.  This  has  been  demon- 
strated by  the  performance  of  a  Corliss  engine  working  with 
saturated  and  with  wet  steam.  Although  the  valve  gear  operated 
smoothly  when  the  steam  was  dry,  if  the  boiler  primed,  and  water 


Pics.  1.001  and  1,002.— Detroit  nght  feed  lubricator.    The  parts  ire  Al,  boay  of  oil  iMervoii: 
A 2.  condenser;  A3,  filler  pluK}  A4,  vatcr  feed  valve  stem;  A5.  pLuff  lor  inserting  si^t  feed 

iasa;  Afl,  siaht  feed  gliaa  drain  item;  A7,  Bisht  feed  reguUtina  valve  stem;  AS,  <b»m  valve; 
B,  globe  valve  in  lupport  ann;  AID.  plug  far  iiueitmg  gauge  glaaa;   H,  sight  feed  gUs; 


was  carried  into  the  cylinder,  the  dash  pots  failed  to  entirely 
close  the  valves,  thus  showing  the  non-lubricating  effect  of  the 
water  when  the  valve  was  in  an  unbalanced  position. 

Knocks  and  Pounds. — The  familiar  click  due  to  water  being 
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bead  gibs  to  avoid  knocks  at 


the  engine  barings;  with  this  construction  the  total  weight  of  the  rotatii^ 
parts  generally  becomes  so  heavy  that  the  shaft  is  not  lifted  from  its  bottom 
bearing  by  the  upward  pressure  on  the  piston.  It  is  therefore  desirable 
to  allow  an  unusual  amount  of  clearance  between  the  shaft  and  the  top 
bearing,  as  this  permits  a  freer  distribution  of  the  lubricating  oil.  If,  - 
therefore,  the  pressure  in  the  cylinder  should  from  any  cause  be  inc— -     ' 


Pig.  I.OM.— BitBinunbearine.  IthuBdjiuUbleboiooneachsideof  thcihaftirtddiuehdd 
in  pIbci  by  iota  wedges.  Ijie  wedges  can  be  raued  or  lowered  by  mean  of  threaded 
bofta.  A  miitable  locking  device  clamps  Wie  wtdge  bolts  securely  at  any  desirable  point. 
By  alightly  laising  the  ituilt,  tbe  bottom  aheU  can  be  rotated  around  the  thait  and  removed. 

to  a  point  sufficient  to  hft  the  shaft,  the  result  will  be  a  heavy  pound  when 
it  returns  to  the  bottom  bearing.  The  above  occurs  in  case  water  accum- 
ulates in  the  bottom  end  of  the  cylinder. 

Should  the  receiver  pressure  m  a  compound  engine  become  e 
the  shaft  will  lift;    the  same  thing  may  also  occur  from  e 


a  engine  be  running  condensing,  with  the  valves  adjusted  properly 
for  that  condition,  then  under  non-condensii^  conditions  uie  compresaon 
wotild  be  too  great,  which  would  tend  to  lift  the  shaft  and  cause  potiiidii]{> 
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If  the  weight  on  the  beanngs  be  not  in  excess  of  the  upward  force  on 
the  piston,  tte  bearing  caps  of  vertical  engines  must,  of  course,  be  set  up 
snu^y.  A  good  ezamiile  of  the  latter  case  is  the  marine  engine,  which  has  no 
fly  wheel,  and  the  weight  on  the  bearings  is  that  of  the  shaft  (miy. 

The  knock  produced  by  an  eccentric  strap  which  is  too  loose  usually  has 

a  slapping  sound  unless  the  speed  be  high,  or  lost  motion  great.     The 

reason  for  this  is  that  the  beanng  surfaces  of  the  eccentric  and  strap  are 

large  in  proportion  to  the  forces  transmitted.      In  adjusting  an  eccentric 

strap,  the  engineer  should  be 

careful  not  to  get  it  too  t^t, 

for  while  the  pressure  per  unit 

of  area  is  small,   the  sliding 

velocity  is  usually  high.    This 

is   especially   true   in    direct 

connected  engines,  where  the 

shaft  is  of  large  diameter. 


CorUss  Valve  Knocks. 

— These  may  be  located 
by  flooding  with  oil.  Since 
the  valves  are  free  to  lift 
from  their  seats,  a  knock 
will  result  when,  either  on 
account  of  excessive  com- 
pression, or  the  presence  of 
water  sufficient  to  fill  the 
clearance  space,  the 
pressure  in  the  cylinder 
becomes  greater  than  the 
pressure  in  the  steam  chest. 
The  valve  will  then  lift 
from  its  seat  as  the  piston 
approaches  the  end  of  the 
stroke,  acting  as  a  safety 
valve  and  return  with  a 
slam  when  the  pressure 
drops. 
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U  a  condensing  engine,  be  run  non-condensing,  the  early  compression 
might  produce  a  tenninal  back  pressure  greater  than  that  in  the  steam  chest, 
liftmg  the  steam  valves  and  causing  a  knock. 

If  the  exhaust  valves  be  free  to  lift,  a  non-condensing  engine  running 
without  load  may  cut  off  so  short  that  the  steam  will  be  expanded  con- 
siderably below  atmospheric  pressure.  The  steam  in  the  exhaust  pipe, 
then,  being  of  higher  pressure,  will  lift  the  exhaust  valves,  before  release 
rush  into  the  cylinder,  and  cause  the  valves  to  rattle. 

The  end  play  of  Corliss  valves  sometimes  causes  knocks.  These  valves 
are  roimd  and  fit  the  chamber  quite  snugly  for  some  distance  at  each  end. 
One  end  is  slotted  tor  the  stem,  with  the  result  that  there  is  more  waste 
space  for  steam  than  at  the  back  end.     Now,  when   the  exhaust  valve 


'iG.  !, 030.— Remedy  for  a  knock  caused 
valve  fimall  pa&sagea  A,  B,  the  nccumulx 
is  prevented. 

opens,  the  steam  in  this  waste  space  expands  and  drives  the  valve  against 
the  back  bonnet,  sometimes  causing  a  severe  knock,  even  when  the  clear- 
ance is  small.  When  the  valve  has  dosed  and  steam  is  admitted,  the 
small  space  at  the  back  end  will  accumulate  pressure  faster  than  the  larger 
space  at  the  stem  end,  and  the  valve  will  be  driven  back.  The  end  knock 
of  an  exhaust  valve  can  be  distinctly  felt  by  holding  any  object  firmiy 
against  the  back  bonnet. 

This  defect  may  be  corrected,  as  shown  in  fig.  1,030,  by  cutting  passages 
for  the  steam  in  the  ends  of  the  valve,  large  enough  so  that  the  pressure 
will  always  be  the  same  at  the  ends  of  the  valves  as  in  the  cylinder. 

Insufficient  lubrication  will  cause  valves  to  chatter  on  their  seats,  or  too 
much  spring  in  the  various  parts  operating  the  valves,  allowing  them  to 
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move  by  jumps,  as  it  were.  Sometimes  part  of  this  chattering  is  caused 
by  the  valve  motion  having  loose  joints,  giving  the  valve  a  jerky  motion. 
In  some  cases  it  will  be  found  that  while  ample  oil  is  being  supplied  it  does 
not  find  its  way  between  the  valve  and  seat.  Grooving  the  face  of  the 
valve  or  seat  wiU  often  aid  the  distribution  of  the  oil. 

In  large  engines,  excellent  results  have  been  obtained  by  grooving  the 
valve  seat  and  piping  the  oil  into  grooves  under  the  valve,  when  no  amount 
of  oil  sprayed  into  the  steam  would  stop  the  giatii^  of  the  valves.  An 
inexperienced  person  might  mistake  this  chattering  of  the  valves  for  the 
piston  "grunting  for  oil,"  but  the  former  can  readily  be  detected  by  the 
slight  trembling  of  the  valve  connections. 

Should  the  piston  become  loose  on  the  rod,  even  a  small  amount,  a 
heavy  knock  ^nll  result,  which  usually  gets  worse  rapidly.    The  most  com- 


Pic.  1.031.— Lnm  « 


mon  practice  is  to  have  the  piston  held  by  a  nut  on  the  rod.  This  may 
not  nave  been  tightened  sufficiently,  allowing  it  to  back  oS.  It  also 
happens  that  pistons  are  loosened  by  water  in  the  cylinder. 

Any  strikir^  of  the  piston  or  the  studs  against  the  cylinder  head  can 
be  readily  felt,  by  holding  any  object,  as  the  end  of  a  lead  pencil,  against 
the  cylinder  head.    Whenever  any  knock  occurs  within  the  cylinder  it 


J 


546 


HOIV  TO  RUN  A  CORLISS  ENGINE 


should  be  investigated  imme- 
diately and  its  exact  cause  ascer- 
tainea  as,  if  the  piston  be  striking 
the  cylinder  head,  it  not  only 
may  wreck  the  engine  but  cause 
loss  of  life. 


Engine  Out  of  Line. — ^A 

great  many  knocks  may  exist 
on  accoimt  of  an  engine  being 
out  of  Kne.  The  shaft  may 
not  be  at  right  angles  with 
the  cylinder;  the  latter  may 
not  be  parallel  with  the  guides, 
or  the  crank  pin  may  not  be 
parallel  with  the  shaft,  etc. 
Any  imperfection  in  aUgnment 
will  cause  a  knock,  or  heating 
of  some  part. 


If  the  shaft  be  out  of  line  -with 
the  cy Under ,  as  shown  in  fig.  1 ,032, 
the  thrust  from  the  connecting 
rod  will  not  bear  evenly  on  tiie 
crank  pin. 

On  the  forward  stroke,  the 
crank  brasses  will  bear  sidewise 
against  the  face  of  the  crank, 
\mile  on  the  return  stroke  this 
side  thrust  will  come  on  the  head 
of  the  crank  pin.  Therefore,  H 
the  brasses  have  any  side  clear- 
ance, a  knock  will  result  from 
the  side  slap  of  the  rod. 

If  the  shaft  be  not  at  right 
angles  to  the  engine,  the  connect- 
ing rod  will  be  out  of  line  with 
the  cyUnder  and  guides.  This 
amount  is  greatest  at  the  centers, 
or  where  the  pressures  are  re- 
versed, consequently  the  evil  that 
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., _      Lcjpo]  reasons.    FirBt.  when  the  htAl  ring 

sets  down,  as  it  is  o^led,  th«  upward  Dresaure  n^uiist  the  sectiDTis  of  the  liogi  on  top  of  the 
bull  ring  is  Breatly  leduced  «iul  therefore  the  joint  between  the  rirua  and  the  boi*  of  the 
cylinder,  or  the  cylinder  wall,  is  not  so  tight  tmd  etetun  cui  more  easily  lesk  through  to  the 
eshauit  ride  of  the  piston.  Thia  steam,  of  course,  is  lost  for  it  escapes  into  the  eihsust 
pipe  without  doing  any  work-  The  second  reason  is,  that  when  the  pistoa  becomes  worn 
and  the  center  lies  beta*  the  aui,  or  the  horisontal  center  of  the  cyluider,  the  piston  rod 
win  not  occupy  a  central  position  throuah  the  stuffing  box.  This  condition  always  cansea 
trouble  and  when  the  cause  is  not  speedily  removed,  it  often  lesds  to  eipensive  lepoin. 
As  shown  in  the  ahove  flgurei  when  the  piston  is  "down"  the  apace  under  tiM 
rod  occupied  by  ^  packing  in  the  stuffing  box  is  considerably  reduced.  The  paddng 
is  compressed  very  tightly,  when  expanded  by  the  heat,  and  the  tendency  la  to  wear 
the  bottom  of  the  piston  rad  faster  than  the  top;  in  other  words,  the  rod  will  soon  be  worn 


willb* 


_j  moie  tightly  tt 

I  out  the  packmg  much  fOi 

ntally  k  waste  «  oil,  in  tt 

I  rod  from  becoming  01     '      '         "* 


n  order  to  adapt  it  tc 


r,  the  rod  wiU  bears 


Jer  the  proper  conditions.    Tnis,  it 

JK  much  faster  than  need  be  and  hence  causes  a  waste  of 

te  «  oil,  in  the  endeavor  to  ken  the  paekinc  pliable  and  to 

-  /erheated.    It  will  be  understood  that  after  the  rod  has  once 

-It  of  round,  the  packing  must  be  kept  very  pliable,  even  after  the  rod  has  been 

featored  to  its  proper  position,  and  it  must  be  screwed  up  tightly  i -■--■-  -j— -  ^-i-  ■«— 

irregular  shape  of  the  rod.    Thus  the  waste  of  packing  and  of  c 

an  engine  of  any  considerate  sise.    If  the  piston  be  much  out  of  cl..-„ 

the^and,  as  shown  in  fig.  1.033.  the  effect  of  which  is  the  aanteasthat  yt _„ 

that  it  is  much  more  rapid  and  harmful.'  The  third  reason  is.  that  when  the  bull  ring  ai>u 
the  Q>ider  become  out  of  center,  the  packing  rings  being  pushed  upward  by  the  springs  under 
them  have  a  greater  leverage  upon  the  side  of  the  grooves,  as  shown  in  fi^.  1.03A,  and  in  a 
camparBtrvriy  sbort  time  w3l  tend  to  widen  the  grooves  near  the  top.  This  gives  the  rings 
some  kMt  motion  which  leaults  in  a  clicking  noise  when  the  direction  of  the  piston  is  reversed 
at  each  end  cf  the  stroke.  The  spider  and  follower  plate  in  pistons  fitted  with  a  bull  ring  do 
not  as  a  rule  Et  the  cylinder  aa  tii^tly  as  the  body  of  a  piston  of  the  solid  type  having  nngt 
sprung  into  the  grooves,  so  that  a  foBower  piston,  aa  it  is  frequently  called,  has  mora  Uswajr* 
or  mon  room  in  which  to  move  up  and  down  in  the  cylinder. 
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results  is  greatest.  The  effect  of  the  connecting  red  being  out  of  line  with 
the  guides  is  a  tendency  to  produce  a  knock  from  the  cross  head  being  forced 
sidewise  in  opposite  directions  at  each  center  and  also  to  cause  side  knocking 
of  the  connecting  rod  in  the  cross  head.  The  reason  for  this  will  be  under- 
stood by  referring  to  fig.  1,032,  where  A  B,  represents  the  center  line  of  the 
cylinder,  and  C  D,  the  path  of  the  crank  pin,  with  the  shaft  out  of  line. 

When  the  cylinder  is  not  in  line  with  the  guides  sidewise  there  is  a 
tendency  to  knock  at  the  cross  head  on  the  head  end  of  the  stroke.  Again 
if  the  piston  be  not  snug  fitting  in  the  cylinder  bore,  it  will  slam  against  the 


Fig.  1,036.— One  method  of  grooving  a  journal  to  sectire  uniform  distribution  of  the  cSL 


side  of  the  cylinder  and  produce  a  knock.  This  is  especially  true  in  vertical 
engines,  where  the  piston  is  unstable  and  responds  to  even  a  small  side- 
wise  force.  The  reason  that  there  will  be  no  knock  at  the  head  end  in  this 
case  is  that  the  cylinder  is  in  line  at  that  end.  This  is  illustrated  in  fig.  1,032, 
where  the  cylinder  not  in  alignment  is  shown  in  dotted  outline. 

Another  effect  of  a  cylinder  being  out  of  line  is  excessive  wear  on  the 
piston  and  cylinder.  When  the  engine  runs  in  this  condition  the  piston 
has  a  slightly  rocking  motion,  the  effect  of  which  is  to  wear  the  piston  most 
on  its  edges  and  destroy  its  true  cylindrical  form. 

If  the  crank  pin  be  not  parallel  with  the  shaft,  the  crank  pin  brasses  will 
knock  sidewise,  and  it  will  be  impossible  to  take  up  the  crank  brasses  much 
without  heating;  this  condition  will  also  cause  a  side  knock  at  the  cross 
head  pin.  If  there  be  any  clearance,  the  cross  head  end  of  the  connecting 
rod  will  be  thrown  from  side  to  side. 
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The  crank  pin  can  be  tested  for  parallelism  with  the  shaft  by  discon- 
necting the  n>d  at  the  cross  head,  and  noting  any  side  movement  of  the 
free  end  of  the  rod.  In  making  this  test  the  crank  pin  brasses  should  be 
closely  adjusted. 

There  wiU  be  a  side  knock  at  the  wrist  pin  if  the  latter  be  not  at  rif^t 
angles  with  the  piston  rod.  To  test  the  alignment  of  these  parts,  the 
connecting  rod  is  disconnected  at  the  crank  end  and  the  cross  head  brasses 
tightened.  The  position  of  the  free  end  of  the  connecting  rod  will  show 
the  truth  of  the  alignment,  provided  the  piston  rod  be  in  line. 


ad  the  hok  dtiUed  for  thclsths  center  when  Hie  rod  waa  t 
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and  the  sides  i 

be  of  diflerent  thickneMes  which  wouM  spoU  Ihe  w. 

jrlc  of  eenterir 

«.  also   th« 

The  wrist  pin  wears  flat  on  both  sides  as  shown  in  fig.  1,038.  Provision 
is  made  on  some  engines  for  giving  the  pin  a  quarter  tiun  thus  presenting 
new  surfaces  for  wear. 

The  crank  pin  wears  flat  on  one  side  only.  The  reason  for  this  is  because 
the  greatest  pressure  on  the  pin  occurs  while  it  is  turning  from  the  dead 
center  to  about  one-quarter,  or  one-third  stroke.  Since  the  pin  revolves, 
the  same  suiiace  always  receives  this  pressure,  thus  producing  uneven  wear 
or  a  "flat"  as  shown  at  A,  fig.  1,039. 

Connecting  rod  brasses  sometimes  in  becoming 
the  pin,  becoming  distorted  as  shown  in  fig.  1,040, 
brasses  tend  to  close  up  is  as  follows:   When  lite  surface  of  the  brass  next 
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to  the  jpm  suddenly  becomes  hot,  the  brass  tends  to  open  as  the  result  of 
expansion  bdng  greatest  on  the  inside.  The  rigid  strap  or  rod  prevents 
any  movement,  and  the  metal  is  given  a  permanent  set,  then  when  the 
brass  cools  off  the  ends  come  together.    After  the  brasses  have  become  hot, 


rm 


Pig.  1,038. — ^The  uneven  wear  of  the  wriat  pin. 

Fig.  1,039. — ^The  crank  pin  wears  flat  on  one  side  only,  as  at  A,  because,  due  to  its  revolution, 
the  same  surface  always  receives  the  thrust. 


it  is  usually  necessary  to  relieve  them  on  the  sides  where  they  hug  the 
pin  as  shown  in  the  figure.  They  are  thus  left  more  or  less  free  to  rwJc  in 
the  end  of  the  connecting  rod  which  causes  knocks.  The  outer  surfaces 
of  the  brasses  may  be  machined  true  and  liners  inserted  to  secure  the 
proper  adjustment. 


Fig.  1,040.*-Gripping  of  the  connecting  rod  brasses  due  to  uneven  expansion  in  heating. 


In  making  connecting  rod  adjustments,  it  should  be  noted  that  while 
one  brass  remains  stationary  the  other  is  moved  toward  it  by  two  pins, 
keying  up  tends  to  make  the  rod  longer;  when  the  wedges  are  placed 
outside  keying  up  tends  to  make  the  rod  shorter.  Again,  when  one  wedge 
is  inside,  and  the  other  outside,  the  length  would  remain  constant  provided 
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the  wear  was  the  same  on  both  pins.  However,  since  the  ^[reatest  wear 
occurs  on  the  crank  pin,  keying  up  the  connecting  rod  will  slightly  change 
the  clearance  in  the  cylinder. 

The  continued  adjustment  of  the  connecting  rod  may  change  this  clear- 
ance so  much  as  to  cause,  1,  the  piston  to  touch  the  cylinder  head,  or  2,  the 
piston  ring  not  to  overtravel  the  bore  at  one  end.  In  the  first  instance,  the 
cylinder  head  may  be  cracked,  and  in  the  second,  wear  would  eventually 
cause  the  formation  of  a  shoulder  with  a  resulting  knock.* 

Any  inequality  of  piston  clearance  thus  produced  should  be  connected 
by  cross  head  acijustment,  or  in  case  the  piston  is  keyed  to  the  cross  head, 
the  connecting  rod  length  may  be  changed  by  means  of  liners. 


%:,  .M 


=^^^^  "^-^» 


Pig.  Ifi^l.— Peculiarities  of  the  Corliss  gear.  1,  hook  gear  opening  steam  valves  outward, 
gives  inaide  admission;  2,  hook  gear  opening  steam  valves  inward,  gives  outside 
admiBsion, 

Peculiarities  of  the  Corliss  Gear.— Where  there  are  no 
stops  to  prevent  the  wrist  plate  being  turned  beyond  its  extreme 
positions,  the  engineer  in  using  the  starting  bar  should  be  careful 
not  to  turn  the  plate  further  than  these  points,  as  in  so  doing, 
the  action  of  the  gear  may  be  changed  or  the  gear  itself  damaged. 

•NOTE. — ^In  the  design  of  a  steam  engine,  every  part  having  a  reciprocating  motion 
is  made  to  overtravd  any  part  against  which  it  rubs  so  that  the  latter  wiU  wear  uniformly 
without  leaving  a  projecting  surface  or  shoulder  at  the  ends. 
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For  instance,  if,  in  operatiag  an  oval  arm  gear  by  hand,  the  ■wrist  plate 
be  turned  so  far  as  to  bring  the  admission  arm  and  steam  rod  in  line,  that 
is,  on  a  dead  center,  the  weight  of  the  two  parts  will  carry  them  downward, 
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causing  th«  rotary  motion  of  the  admisnon  arm  to  continue  in  the  same 
direction  as  shown  in  fig.  1 ,012,  instead  of  reversing  when  the  wrist  plat« 
ntalces  the  return  movement.  Besides  turning  the  steam  valve  entii«^  c^ 
its  seat,  the  end  of  the  steam  rod  in  the  absence  of  clearaoce  would  strilm 
the  dash  pot  rod,  resulting  in  damage,  should  the  carrier  rod  b«  hooked  to 
the  wrist  stud  during  the  stroke. 

Aeain  with  any  Corliss  gear,  too  much  movement  of  the  wrist  plate  will 
similarly  reverse  the  exhaust  connections  as  shown  in  fig.  1 ,043.  This  win 
cause  the  exhaust  valve  to  remain  open,  and  allow  steam  to  blow  throuf^ 
to  the  exhaust  pipe. 


Pic.  1,044. — Exluust  valvt  turned  over  by  too  much  movemont  of  the  wriit  plate  in  aaog  the 
■tailing  bar.  It  the  right  himd  bell  cnnk  be  moved  back  to  the  potition  in  which  the  Mt 
hand  one  appean,  the  engine  will  be  in  proper  adjuatment  provided  the  wrist  plate  waa  ut 
thrown  badi  far  enough  ta  tutn  one  of  the  enhaust  valves  over,  ax  indicated  by  the  ri^t 
hand  }ixa  cmnlE  oa  here  illustrated.  In  one  case  an  electric  tivhting  engine  woa  atarted 
in  thii  condition  and  mn  for  aome  time  before  it  was  diicavered  by  the  engineer.  Thii  ia 
possible  became  the  eihaiut  valve  would  remain  open,  and  while  this  would  allow  ateatn  to 
Uov  through  to  the  eihauat  chest  and  be  wasted,  it  would  not  idfa  reaiitonce  to  the  ad- 
vance of  the  piston,  as  it  would  in  cose  the  key  which  fastens  the  jim  crank  to  the  valve 
sl«m  would  become  looeened,  vrorlr  out  and  drop  down  on  the  floor,  leaving  the  exhauat 
valve  sfaiat.  In  that  cose  compression  would  rise  high  enough  to  be  a  serious  matter,  for  it 
would  probably  atop  the  engine.  Tn  more  than  one  case  tiie  engineer  has  found  his  Corlka 
engine  slowing  down  from  this  cause;  but  by  Quickly  inserting  the  key  as  the  jim  crank 
came  into  proper  poaition  for  it,  normal  speed  naa  been  restored  and  nobody  elae  Imew  what 

TTie  valve  gear  may  be  damaged  if  the  eithaust  arm  be  reversed  by  the 
latter,  in  its  travel,  coming  in  contact  with  some  other  part  of  the  engine. 

If  the  key  which  secures  the  exhaust  arm  to  the  valve  stem  should 
become  loosened  and-fall  out,  the  exhatist  valve  might  remain  shut  or  par- 
tially so,  probably  causing  the  engine  to  stop,  or  ^ow  down  owing  to  the 
excessive  compression,  or  loss  of  pressiu^  thus  caused.  If,  therefore,  the 
engineer  find  hifl  engine  slowing  down,  he  should  examine  the  exhaust  aims 
as  a   possible  caus^  of   trouble.    Sometimes   a  key  is  uaed  to  take   up 
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the  lost  motion  of  the  exhaust  rod  as  in  fig.  1 ,045,  and  as  the  parts  continue  to 
wear,  the  repeated  adjustments  finally  cause  the  end  of  the  key  to  strike 
the  valve  stem  bearing,  throwing  it  up  again,  and  allowing  the  brasses  to 
remain  loose.  This  is  an  instance,  like  many  others,  where  the  cause  of 
the  trouble  is  not  readily  discovered. 

The  crab  claw  gear  will  sometimes  cause  the  engine  to  race, 
taking  steam  full  stroke  for  a  revolution  or  two,  due  to  wear  of 
the  dies.  The  wearing  of  the  contact  edges,  and  the  consequent 
grinding  of  the  same,  changes  the  relative  position  of  the  parts 


Fig.  1,045. — Adjustment  key  too  long  on  exhaust  rod,  causing  the  brasses  to  remain  loose  on 
accotmt  o£  striking  the  valve  stem  bearing.  Such  a  fault  is  not  always  readily  discovered 
unless  the  engineer's  attention  is  called  to  it  by  the  experience  of  others  along  the  same 
line,  and  although  a  remedy  can  be  provided  by  cutting  a  piece  off  from  the  key,  it  is  much 
better  to  put  a  liner  behind  the  box  and  thus  raise  the  key  until  it  no  longer  rubs  on  the 
stationary  bearing. 


to  such  an  extent  that  the  knock  off  cam  cannot  release  the 
hook  if  the  load  be  such  as  to  require  a  late  cut  off. 

The  reason  for  this  is  that  the  shortening  of  the  dies  changes  the  position 
of  the  curved  limb  of  the  crab  claw  with  respect  to  the  knock  off  cam.  That 
portion  where  contact  with  the  cam  occurs  at  late  cut  off  being  lowered, 
the  increased  clearance  prevents  the  cam  striking  the  crab  claw  limb  at  this 
part.  Hence,  if  the  engine  be  heavily  loaded,  requiring  a  late  cut  off,  it 
will  take  steam  full  stroke  for  one  or  two  revolutions,  making  it  race. 
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To  determine  the  extent  of  wear,  calipers  are  placed  in  the  center  of  the 
die  stud,  and  the  outline  of  the  circular  limb  of  the  crab  claw  followed  with 
the  ©ther  end.  If  the  calipers  run  off  instead  of  following  the  curve  of  the 
claw,  and  describe  some  arc,  the  stud  die  is  moved  along  the  spindle  until 
the  caHpers  will  follow  the  curve  of  the  claw.  The  distance  between  the 
two  dies  then  indicates  how  much  longer  a  new  die  should  be, 


Pig.  1,046. — Dash  pot  rods  too  long.  Before  starting  a  Corliss  engine,the  engineer  should  make 
sure  these  rods  are  correctly  adjusted,  by  moving  the  valve  gear  with  the  starting  bar  to 
the  extreme  positions,  otherwise  the  rods  may  be  bent  as  shown,  the  bonnet  castings  broken^ 
or  both. 

The  crab  claw  gear  sometimes  fails  to  cut  off  if  the  engineer 
neglect  to  properly  lubricate  the  steam  rods.  In  severe  cases 
considerable  damage  may  be  caused. 

The  stud  die  may  heat  from  lack  of  oil,  and  grip  the  steam  rod  making 
cut  off  by  the  dash  pot  impossible;  the  engine  will  then  take  steam  full 
stroke,  resulting  in  a  burst  fly  wheel  and  wrecked  building  if  not  discovered 
in  time. 
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How  to  Stop  a 
Condensing 
Engine. — When 
shutting  down  a  con- 
densing engine,  the 
following  principles 
should  be  kept  in 
mind: 

At  the  instant  the 
throttle  is  closed  and 
steam  has  ceased  to 
exhaust  into  the  con- 
denser, a  higher  vacuum 
will  form  which  will 
increase  the  rate  of  flow 
of  the  cooling  water 
through  the  mjection 
valve.  The  cooling 
water  will  then  enter 
the  condenser  faster 
than  the  pump  can 
remove  it,  in  which 
case  flooding  will  result 
with  damage  to  the 
engine. 

Therefore,  unless 
the  throttle  and  injec- 
tion valves  are  so 
placed  that  they  may 
be  operated  simul- 
taneously,  the 
engineer  in  stopping 
the  engine  should  first 
reduce  the  supply  of 
cooling  water.  The 
injection  valve  is 
turned  to  reduce  the 
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supply,  until  the  vacuum  falls  from,  say,  24  inches  to  10  inches. 
The  throttle  may  now  be  closed,  and  then  the  injection  valve. 
The  air  pomp  should  never  be  stoppeduntil  the  engine  has  ceasedtomove. 

e  of  safety 

When  the  air  pump 

is   attached  to  the 

engine  the  danger  of 

getting  water  into  the 

cylinder  is  greater, 

because    the    pump 

slows  down   with    the 

engine.     With  this 

arrangement,    the    in- 

.    jection  valve  should  be 

%    near  the  throttle  where 

I    both  may  be  closed  at 

S    the  same   time,  or   if 

*    otherwise   placed,    the 

■I    injection  valve  should 

"    be  nearly  closed  before 


All  jet  condensers 
should  be  fitted  with  a  re- 
lief pipe  and  valve  open- 
ing to  the   atmosphere. 

This  valve  should  be 
within  easy  reach  of  the 
engineer.  After  the 
throttle  and  injection 
valve  are  dosed,  the 
relief  valve  should  be 
opened  to  break  the 
vacuum  and  thus  guard 
against  water  reaching 
the  cylinder. 
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CHAPTER  16 
FOUR  VALVE  NON-RELEASING  ENGINES 


The  rapid  increase  in  the  use  of  electricity  for  power  and 
lighting  ptirposes  has  caused  an  insistent  demand  from  the 
purchaser  for  a  more  economical  engine  than  the  ordinary  high 
speed  automatic  type.  When  the  advantages  to  be  derived 
from  connecting  the  electric  generator  direct  to  the  engine 
shaft  began  to  be  generally  recognized,  it  was  found  that  the 
Corliss  engine,  owing  to  its  limited  rotative  speed  was  not 
well  suited.  This  resulted  in  the  development  of  a  new  class 
of  engine,  possessing  many  of  the  good  featiires  of  the  Corliss, 
but  capable  of  higher  rotative  speed  on  account  of  having  a  non- 
releasing  valve  gear.  Some  of  these  engines  are  quite  similar 
to  the  Corliss,  even  to  wrist  plates,  steam  and  exhaust  rods, 
and  may  be  easily  mistaken  for  such,  but  it  should  here  be 
mentioned  that  an  engine  with  a  non-releasing  valve  gear  is  not 
a  Corliss,  although  some  of  the  makers  have  traded  on  the  name 
of  Corliss  in  advertising. 

Rocking  valves  were  used  before  Geo.  H.  Corliss*  time,  the 
particular  features  which  distinguished  his  engine  being  the 
releasing  gear,  and  dash  pots.  Each  type  of  engine  is  excellent 
— for  the  particular  service  to  which  it  is  adapted. 

The  drop  cut  off,  wMe  a  most  excellent  feature  with  respect  to  the 
steam  distribution,  has  the  objection  that  it  does  not  admit  of  high 
rotative  speed  on  account  of  the  lag  due  to  the  inertia  of  the  drop  niechan- 
ism,  wear,  etc.  The  Corliss  engine  therefore  requires  a  large  space  in  pro- 
portion to  the  power  developed,  and  since  the  governor  controls  the  speed 
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speed,  less  than  would  be  possible  with  the  latter  if  run  at  an 
equal  number  of  revolutions.  In  order  to  make  the  positive 
cut  off  as  quick  as  possible  double  and  sometimes  triple  ported 
valves  are  used  and  given  liberal  travel.  The  numerous  non- 
releasing  cut  off  engines  may  be  classified: 

1.  With  respect  to  the  valves,  according  as  they  have, 

a.  Semi-rotary  valves;  or 
h.  SHding  valves. 

2.  With  respect  to  the  raanner  of  cut  off,  according  as  they 
have. 

o.  Direct  cut  off;  or 
h.  Riding  cut  off. 

3.  With  respect  to  the  method  of  variable  cut  off,  as 

a.  By  variable  angular  advance; 

h.  By  combined  variable  throw  and  variable  angular  advance. 

Rocking  Valves,  Direct  Cut  Off.— Fig.  1,059  shows  a  four 
valve  shaft  governor  engine  with  rocking  valves,  and  direct 
cut  off.  This  engine  strongly  resembles  a  Corliss,  even  to  wrist 
plate,  and  steam  and  exhaust  rods;  in  fact  it  might  easily  be 
mistaken  for  such  at  first  sight.  On  closer  examination,  however, 
the  absence  of  dash  pots  and  releasing  gear  will  be  noted. 

An  operating  arm  is  keyed  to  each  valve  stem,  and  pivoted  to  one  of  the 
rods  which  transmit  motion  from  the  wrist  plate. 

The  engine  has  double  eccentrics,  hence  there  are  two  wrist  plates, 
although  for  Hght  duty,  all  four  valves  could  be  operated  from  one  wrist 
plate  by  a  single  eccentric. 

The  valves  are  of  the  double  ported  tjrpe,  being  similar  in  construction 
to  the  regular  Corliss  valve.  A  variable  cut  off  is  secured  by  the  method  of 
combined  variable  throw  and  variable  angular  advance.  (See  page 
244).  This  is  done  automatically  by  the  movable  steam  eccentric  controlled 
by  a  shaft  governor.  The  exhaust  valves  are  operated  by  means  of  a 
separate  eccentric  having  a  fixed  position  on  the  shaft. 
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Rocking  Valves  in  Cylinder  Heads.— Sometimes  in  order 
to  reduce  clearance,  engines  are  designed  with  the  valves  in  the 
cylinder  heads  as  shown  in  fig,  1,060.  The  steam  valves  of  this 
engine  are  operated  by  the  Armstrong  non-releasing  gear,  as 
shown  in  figs.  1,061  to  1,066,  and  in  fig.  1,068.      It  opens  and 


closes  the  valves  at  the  proper  times,  and  in  the  remainder  of 
the  time,  or  about  half  of  the  revolution,  the  valves  are  at 
rest  without  being  released. 

The  valves  have  their  highest  ^leed  at  the  instants  of  opening  and 
closing.  The  movement  of  the  valve  begins  in  the  middle  of  the  valve  gear 
travel,  when  all  parts  of  the  gears  are  at  their  highest  speed.  The  gear  is 
enclosed  in  a  case  which  is  partly  filled  with  oiL  Figs.  1,061  to  1,066  show 
the  valve  gear  in  elementary  form  plotted  in  several  positions. 
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Fig.  1.067. — Diaenm  ot  valve  movement  of  AJax  Higiiw.  The  cylinder  hu  Rttacbed  to  one 
lide  two  steam  exhaust  valve  bncliBts  operated  from  independent  sping  plalcg  attached 
to  separate  eccentncs.  The  eihauat  eccentric  is  fixed  in  its  throw  but  can  be  varied  aa  to 
the  angular  position  with  reference  to  the  crank.  The  steam  eccentric  la  of  variable  throw  and 
Cfqnprises  a  part  of  the  Robb-Aimitrong-Sweet  governor  described  in  another  paiBKraph, 
The  arms  attached  to  the  valve  stems  are  comiected  to  two  awing  plates  which  produce  i 
long  dwell  when  the  valves  ai%  open  and  a  corresponding  condition  when  they  are  shut, 
but  at  the  moment  of  opening  and  the  moment  of  closing,  the  speeds  of  the  valves  arv  most 
rapid.  Neither  the  steam  nor  exhaust  valves  are  ever  entirely  at  rest  except  at  their  moroent 
of  reversal.  This  condition  prevents  what  is  known  as  molecular  int«lockina,  or  a  tendency 
for  the  surfaces  to  seize.    The  steam  valves 
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Rocking  Valves,  Riding  Cut  Off. — ^An  interesting  example 
of  the  application  of  the  riding  cut  off  to  semi-rotary  valves  is 
shown  in  figs.  1,069  and  1,070.  The  cut  ofE  valve  rides  on  the 
inner  circular  surface  of  the  steam  valve,  being  shown  in  the 
figures  in  black  section. 


A3  used  on  th«  Ball  engiiie.  The  system 
<  the  va[vu  In  oi>eDing  and  cloaing.  and 
da.    The  cut  off  is  changed  by  combitud 


There  are  two  eccentrics  and  two  wrist  plates,  but  it  should  be  noted 
that  both  steam  and  exhaust  valves  are  operated  by  a  fixed  eccentric, 
and  the  cut  off  valves  by  a  movable  eccentric,  free  to  rotate  on  the  shaft 
giving  variable  cut  o5  by  variable  angular  advance  as  controlled  by  the 
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Pig.  1,060. — The  Clark  four  valve  riding  cut  off  engine;  there  are  in  reality  six  valves,  eadk 
steain  valve  <ronsisting  of  a  main  admission  valve,  and  a  cut  off  valve.  ^  A  fixed  eccentric 
operates  the  main  and  exhaust  valves,  and  a  mova'ble  (rotating)  eccentric  (giving  variablt 
angular  advance)  ^  the  riding  valves,  the  cut  off  being  controlled  by  a  shaft  governor. 


Pig.  1,070. — The  Clark  four  valve  riding  cut  off  engine:    end   view  showing  valves  and 
connections. 
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Slidli^  Valves,  Direct  Cut  Off.— Flat  instead  of  circular 
valves   are   often   used   on    four   valve   engines.     The    engine 
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illustrated  in  figj  1 ,071 ,  has  valves  of  this  type,  and  is  constructed 
for  extreme  high  rotary  speed. 

There  are  two  independent  admission  valves,  with  direct  cut 
off,  and  two  exhaust  valves.  The  cut  off  is  varied  by  the  Pink 
link,*  which  gives  variable  travel  under  control  of  the  governor, 
both  admission  and  exhaust  valves  being  operated  from  one 
eccentric.    The  valves  are  balanced  by  adjustable  pressure  plates. 


Pics.  1,072  and  1 ,073.— Valve  COTiwetions  of  the  Porter-Allen  engine,  illustretina  th 
ai  here  shown,  and  which  effects  a  useful  modmcation  of  Che  movement  of  I 


i: 


A  wrist  motion  is  introduced  into  the  connection  of  the  admission  valves, 
as  shown,  to  modify  their  movements. 

In  this  movement  an  arm,  which  is  connected  by  a  rod  with  the  block 
in  the  link,  communicates,  through  a.  rock  shaft,  motion  to  two  other  arras, 
causing  them  to  vibrate  in  the  same  vertical  plane  in  which  the  valves  move. 


■NOTE.-— The  operaUon  of  tile  Fink  link  is  explained  on  pHge  330. 
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Each  of  these  aims  alternate^ 
rises  nearly  to  the  vertical  posi- 
tion, while  the  other,  at  the  same 
time,  descends  to  and  beyond  its 
dead  p<»nt.  Each,  by  a  s^wrate 
connection,  imparts  motion  to 
one  of  the  admission  valves,  and, 
at  the  top  of  its  vibratio^,  causes 
it  to  open  and  close  its  port 
swiftly,  and  then,  descending  to 
its  idle  arc,  reduces  the  motion 
of  the  valve  to  an  interval  prac- 
tically at  rest.  These  moyenients 
can  be  followed  in  the  cut,  where 
the  upper  arm  is  about  to  move 
in  its  arc  to  the  left,  ttpd  thus, 
through  the  lower  connection,  to 
open  the  port  at  the  further  end 
of  the  cyimder,  while  the  lower 
arm  will  be  scarcely  moving  its 
valve  at  all.  In  this  manner  the 
width  of  the  opening  is  increased 
chiefly  by  the  difEerence  in  the 
length  of^the  levers,  while  at  the 
same  time,  about  one-half  of  the 
lap,  or  the  useless  motion  of  each 
valve  after  it  has  covered  its 
port,  is  avoided,  so  that  smaller 
valves  and  narrower  seats  are 
employed,  giving  a  liberal  port 
opening  with  moderate  travd. 


Sliding  Valves,  Rldlnft 
Cut  Off. — An  example  of 
sliding  valves  with  riding 
cut  ofE  is  shown  in  figs,  1,077 
and  1.078,  in  which  valves 
are  of  the  gridiron  type. 
The  engine  here  illustrated 
has  a  valve  motion  which 
is  positive  throtighout.  The 
flat  gridiron  valves  are  tin- 
balanced  and  the  port  edges 
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Fio.  1.079.— Mclnloah  Sc  Scr- 
?°^iSfff  ^  ™«°«)  cylinder 
twad  with  Ugpug  rsmovtd. 


Fig.  l.OSO.— Method  o( 
removing  Mcintosh  & 
SeymourrtypePet^ine) 


rEmovable  pin.     They 
can   also    be    replaced 
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overtravel  to  prevent  the  formation  of  shoulders.  Since  the 
valves  are  multiported  the  travel  is  small,  requiring  only  from 
one-half  to  one  and  one-half  inches,  according  to  the  size  of 
the  cylinder. 

The  valve  gear  is  simply  an  arrangement  of  links,  rock  shafts  and  slides 
for  transmittmg  the  motion  of  the  eccentrics  to  the  valves.  The  action  of 
the  gear  is  sudi  as  to  distort  the  motion  imparted  by  the  eccentric,  hastening 
the  movement  of  the  valve  when  near  one  end  of  its  stroke  and  at 
the  oth^  end  causing  a  pause  in  its  motion,  so  that  while  a  rapid  opening 
and  dosing  of  the  port  is  secured,  the  valve  remains  practically  still  while 
closed. 

With  this  gear  the  cut  off s  at  both  ends  of  the  cylinder  are  equalized  at 
all  loads. 

The  main  valves  are  driven  b)r  a  fixed  eccentric  controlling  admission, 
release  and  compression.    The  riding  cut  off  is  operated  by  a  movable 
eccentric,  the  cut  off  being  controlled  b}r  a  shaft  governor  which  varies  the 
i     i^npilar  advance  of  the  movable  eccentric 
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CHAPTER  17 
POPPET  VALVE  ENGINES 

The  chief  feature  of  these  engines  is  the  type  of  valve  used, 
which  is  entirely  different  in  construction  and  operation  from 
the  slide  or  piston  valve. 

The  word  poppet  is  a  variant  of  puppet  which  has  several  mean- 
ings, the  mechanical  definition  being,  the  head  stock  of  a  lathe; 
the  slight  similarity  in  form  between  the  pulley  in  the  head- 
stock  and  the  valve,  probably  accounting  for  the  term  being 
applied  to  the  valve. 

By  definition,  then,  a  puppet  or  poppet  valve  is  a  valve  which, 
in  openingf  is  lifted  bodily  from  its  seat  instead  of  being  hinged 
at  one  side,  or  sliding  over  its  seat. 

Poppet  valves  are  largely  used  on  steam  engines  in  Europe, 
as  are  Corliss  valV6s  in  this  country,  and  are  almost  universally 
used  on  gas  engines. 

According  to  Prof.  Furman,  "the  chief  advantage  of  these 
Valves  is  the  absence  of  sliding  motion  in  operation,  which  out- 
weighs, in  internal  combustion  engine  work  the  disadvantages 
of  its  reciprocating  motion  at  high  speed,  of  warping  when 
made  in  large  sizes  and  when  made  in  pairs  on  a  single  stem, 
and  of  noise  when  seating."  It  might  be  added  that  certain  types 
are  practically  balanced  with  respect  to  the  steam,  the  small 
excess  pressure  tending  to  keep  the  valve  closed.  Less  move- 
ment is  required  than  with  other  forms  of  valve  for  a  given 
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ns  roller  i*  al 
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onE-«ifthth  inch  wid«.    The  val., 

h»vB  no  EtuOing  boxes,  the  fit  being  tc 

4t  0039  through  the  upper  openjntr.    No  da 
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port  opening  because  there 
is  no  lap  requirit^  linear 
advance.  Poppet  valves 
are  sometimes  called  lift 
valves,  * 

There  are  various  kinds 
of  poppet  valves,  designed 
to  meet  the  different  con- 
ditions of  operation,  and 
they  may  be  classed: 

1.  With  respect  to  the 
number  of  ports,  as 

a.  Single  seated; 

b.  Double  seated;  etc^ 

2.  With  respect  to  con- 
struction, as 

a.  SoUd;    b.  Hollow; 

c.  Bell  Ehape. 

3.  With  respect  to  pro- 
vision for  prevention  of 
leakage,  as 

a.  Rigid;    b,  Bzpaading. 

The  main  advantage  of  the 
poppet  valve  is  that  it  does 
not  move  on,  its  seat,  thus 
requiring  no  lubrication. 
Hence,  poppet  valve  en^nes 
areespeciallyadaptedtoliifh 
pressure  steam  vnth  consido^ 
able  superheat.  However, 
lubrication  difficulties  with 
sliding   valves   tinder   high 

Eressure  superheated  steam 
ave  been  largely  over  est*- 

•NOTE.— It  ihooM  hn  notsi  tlut 
the  term  lift  appliei  to  other  typee  be- 
■iilM  poppet  vUvasiBMaa  nlvee  an 

eomeoinee  jureDged  ea  lift  vel*M. 
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.e  manufacturer,  the  Bt 


..  lunption  of  a  ftiU  poppet 

valve  engtoe  is  16  lbs.  per  horse  power  hour  or  less,  non-condensing  with 
propw  steam  pressure  and  superheat.  It  should  be  noted  that  this  hi^ 
economy  is  due  principally  to  the  superheat,  and  not  to  any  advantage 
inherent  in  the  poppet  valve  beyond  the  fact  that  where  variable  cut  ot 
is  obtained  by  the  method  ot  combined  variable  angiilar  advance  and 
variable  throw  a  more  adequate  admission  is  obtained  at  very  early  cut  off, 
because  of  the  relatively  small  lift  (travel)  of  the  valve  for  f ml  port  opening 
as  compared  with  sliding  valves. 

In  comparing  the  economy  of  poppet  valve  engines  working  with  high 
pressure  highly  superheated  steam  with  other  engines,  especially  those 


-^v_i 


— Typical  poppet  valve 


changed.    These  valve 


speed,  thua  reducing  valve  han 


tually  the  Bsme 
stem  th*  usual 
perpendicular 


:tioa.  Fig.  1.101  shonsBsoIiddonhleawt 
cBted  valve  chamber  beouM  of  the  tofi  and 
Ive,  a  type  used  luvely  in  Germany.    The 

MEg.  i.ir    —  -"^      •        '      -'-  - 


d  largely  m  Germany.    The 
ith  the  valve  and  seat  uit«^ 

IS  from  30*  to  tt 


ts  of  aucli  inclinatioi 


after  being  machined, 


-e  ground  to 


;hanBe  in  the  direction  of  flow  of  tK 
^  seat  is  not  so  great  aa  the  vertical 

ve  a  common  apex  on  the  assumption  that  uflder 
uaUy  in  ail  directions.  In  practice  the  width  cf 
-eighth  to  one-half  inch.  The  valves  and  Mala 
im  tight  fit. 


having  jacketed  cylinders  working  with  low  pressure  saturated  steam, 
the  factors  of  evaporation  should  be  taken  into  account,  and  both  reduced 
to  the  same  basis,  just  as  in  the  boiler  tests  the  evaporation  is  reduced  to 
"from  and  at  212°  Fahr."  \^ue.  When  this  is  done  it  will  be  found  that 
the  apparent  economy  of  high  pressure  superheated  steam  is  relatively 
too  hign. 

Figs.  1,096  and  l,097show  the  simplest  form  of  j>oppet  valve  in 
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closed  and  open  position.     This  is  a.  single  seated  valve  and  is 
the  type  usually  employed  on  gas  engines. 


Pre.  1,103. — Crank  Bide  otVilter  poppet  valve  cylinder. 
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9ta.  L107.— ^aagltiidiiul  nctioa  throoah  V3tar  poppet  vtlra  eylindar.  Oca  of  thv  Iwdfaw 
faaton*  of  tb*  «iiain«  1>  th>t  the  valve  tfx  u  opM&Ud  thnu^  wtiat  pUtei  driven  froB 
•eccBtric*  pUceil  on  the  enaina  ituft  iutesil  <rf  employing  el4r  (haft.  The  (team end 
eibaiut  v^H  an  of  the  double  •eatedpoppet  type,  mounted  in  can  ioaertsd  in  niitable 
hotuingi  in  the  bead*  and  cyllader.  Tlie  valve  stem*  are  lone  Mid  an  Bmuid  into  the 
auidei.  The  etema  an  provided  with  labyfinth  atoova  wtiicb  (onn  a  eane)  of  chambeia  In 
which  any  escaping  ateam  la  coadenaed,  makins  them  ateam  tight.  The  inlet  valvee  an 
upaMtA  tfarouah  loda  (nun  a  wriat  pUte  and  by  meeoi  of  valve  leven,  the  releaae  mecbaiuani 
beina  controlled  by  aprisa  actDated.  air  cniuoned  daih  pole  provided  with  check  valvst. 
The  ranoa  of  cot  off  ia  fmm  earo  to  .8.  The  coda  of  the  Ijftias  anna  aie  provided  with  aHds 
bkieka  mucb  flt  in  cotreipundifig  aleevea  m  the  valve  itemi  ia  tuch  a  manoer  that  any  tide 
maaure  on  the  atema  ia  avoided.  The  trip  ^na  are  adjuitaUe  tor  Iw  of  the  trip  platet. 
The  (team  valve*  are  controlled  dicectly  by  meant  tA  a  aovemor  of  the  fly  ball  tjrpe  deaicned 
CO  operate  at  aeveial  timea  the  uauat  aovemor  apced.  A.Utfrt  aiiiale  arm  lever  ia  connected 
from  tbe  eaverDor  to  tbe  govemor  cianlc  on  the  troint  iteera  booaat,  the  latter  bemc  mwi 
connected  by  ■nolber  rod  to  a  aovernor  crank  oo  the  tt  ateam  boiniet.  The  iteam  vaivea 
are  belanced.  The  eihauat  vam*  an  actuated  thtoui^  a  aeptrate  eoeentric  and  wriat  plate, 
the  valval  beinf  bfted  by  mean*  of  caiaa  and  mllen  and  letunted  to  their  eeata  by  ttaett 
own  wewfat,  aaaatml  tw  nnnct.    Both  the  eteem  and  eKbaost  valv*  plate*  are  ar—"—'  •" 


diiconnected  ftrm  (be  tacHt  loda  by  meani  of  a  apecial  dieenaaginc  device  with  which  the 
-  -  Ja  may  be  wlaiieil  without  daauer  of  their  talluiv  to  the  Boor  or  inteiferina  wiUi  the 
other  parti  of  tin  gear.  When  A  &  deiired  to  nieaae  die  roda.  the  catch  pin  ii  laued  and 
■iven  a  guarter  turn  and  the  handle  at  the  lide  ia  brooght  to  ita  up  poiition.    Tbe  valve  aear 


either  tbe  ateam  aear  or  eihauat  g»K  may  be  duenaaaed  an — , 

puirmee  of  taraina  the  enrine  over,  wammui  np  the  cylinder,  etc,,  in  the 
Ii  don*  ID  tbe  eaae  of  a  CoiUu  enaioe.    lae  actioa  of  tbe  entin  v  ' 
to  that  of  the  CorliH  engine.    The  cylinder  houli  contaimca  the 


and  opoated  by  hand  tor  the 
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The  valve  and  stem  is  in  one  piece,  the  fonns  being  simply  a 
solid  disc  with  an  inclined  rim  which  is  ground  to  fit  the  seat. 

In  operation,  as  shown  in  the  figures,  the  valve  opens  by 
moving  away  from  the  seat  instead  of  sliding  on  the  seat  as  in 
the  case  of  other  types  of  valve.  This,  as  already  stated,  is  the 
chief  advantage  of  poppet  valves,  thus  requiring  no  lubrication. 
which  adapts  them  to  operating  at  high  temperatures  as  with 
superheated  steam  or  in  gas  engines. 


PlO.  1,114. — Secti(iii»l  view  of  Nordbere  poppet  valve  engine.  In  coiuii 
cylinder  U  a  plaia  cyliiidjical  castuiff  similar  to  a  piece  of  pipe,  there  bcin^  no  j 
panagc*  in  the  cjrluider  proper.  The  valves,  valve  cages,  steam  and  exhau 
paoAMa  ore  all  contuoed  in  the  heads  aa  shown.  The  Bteam  enters  from  belo> 
brancn  idpM  to  each  cylinder  head  and  sweeps  up  to  the  steam  valves  at  I 
— J-g  to  etsun  Jactet  tile  ends  of  the  cylinder.  The  exhaust  outlets  are  in 
— »—  -r  »u_  i.-_j_    — 1  _i j;»;^jfl3  permit,  sre  connected  by  m 


inlowthi 


t  n^lMi  on  the  heads  are  eoimSitecl  bj;  a  manSoS  designed  to  take  up  chanees 
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Although  only  one  sliding  valve  is  necessary  for  engine  opera- 
tion, four  are  required  when  poppet  valves  are  used. 

The  elementary  construction  shown  in  figs.  1,098  to  1,100 
shows  respectively  two,  three,  and  four  ported  valves,  and  figs. 
i,101  to  1,103  typical  construction. 

According  to  one  buflder  of  pc^ipet  valve  et^nes: 

"Solid,  poppet  valves,  when  ground  for  a  certain  steam  pressure  and 


ho.  l,117.-~Cniu  Kction  through  valves  of  Nordburg  poppet  valve  engine. 

temperature,  will  remain  steam  t^ht  indefinitely,  providing  the  pressure 
or  temperature  is  not  allowed  to  vary;  but  if  the  pressure  or  temperature 
should,  vary — -and  it  is  next  to  impossible  to  prevent  their  changing — the 
difference  m  the  coefficients  of  expansion  of  the  two  metals  forming  the 
valve  and  the  seat  in  the  cylinder  will  cause  the  one  to  expand  more  thaa 
the  other,  resulting  in  either  the  upper  or  the  lower  part  of  the  valve  not 
making  contact  with  its  seat  in  cylinder. 
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"To  prevent  the  resultant  leakage  (which,  of  course,  is  never  as  great  as 
with  Corliss  or  piston  valves,  but  is  enough  to  make  it  an  object  to  prevent), 
the  self-expanding  poppet  valve,  was  designed. 

"The  upper  part  of  this  valve  is  not  rigidly  connected  to  the  lower  part, 
but  allows  an  expanding  and  telescopic  action  and  comes  in  contact  with 
its  seat  shortly  before  the  lower  part  with  the  resvilt  that  both  seats  make 
steam  tight  contact  irrespective  of  the  difference  in  expansion  of  the 
cylinder  and  valve  metal. 

"With  one  grinding  this  valve  has  been  steam  tight  with  159  pounds 
pressure  and  150  degrees  Fahrenheit  superheat,  and  also  with  100  pounds 
pressure,  satiurated  steam. 

"The  telescopic  action  is  never  more  than  .003  or  .004  inch,  and  steam 
tightness  between  the  two  elements  of  the  valve  itself  is  obtained  by  the 
peculiar  construction  of  spnmg  metal  packing  rings." 

It  should  be  noted  that  the  expansion  principle  as  applied  to 
poppet  valves,  introduces  an  extra  joint  and  if  this  joint  leak, 
the  object  sought  will  not  be  gained. 

Poppet  Corliss  Engine. — This  type  of  engine  which  consists 
of  a  poppet  high  pressure  cylinder,  and  Corliss  low  press\u*e 
cylinder  as  shown  in  fig.  1,116,  is  especially  suited  to  constant 
loads  and  high  load  factors;  for  example,  electrolytic  work  and  to 
those  services  such  as  driving  pumps,  air  compressors,  ammonia 
compressors,  blowers,  etc.,  where  the  mean  effective  pressure 
is  constant  and  the  engine  may  be  designed  for  very  high 
efficiency  for  practically  a  single  set  of  conditions. 
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CHAPTER  18 
UNI-FLOW  ENGINES 


Thmype  of  engine  while  comparatively  new  in  this  country, 
has  been  in  use  for  many  years  in  Europe  and  was  invented  by 
Prof.  Johann  Stiimpf  of  Berlin,  Germany,  the  object  sought 
being  to  reduce  initial  condensation. 

The  principle  of  the  uni-flow  engine  is  that  st(sam  enters  at 
the  ends  ^of  the  cylinder  and  is  exhausted  through  ports  arranged 
around  the  center  of  the  cylinder,  and  which  are  uncovered  by  the 
piston  at  the  end  of  the  stroke..  The  steam  has,  consequently,  a 
flow  in  but  one  general  direction  (from  the  ends  toward  the 
middle  of  the  cylinder),  hence  the  name  uni-flow,  or  una-flow  as 
so  called  by  S9me  builders. 

Ih  other  types  of  engine,  the  steam  returns  on  its  path  at 
the  end  of  the  stroke,  and  is  exhausted  at  the  same  end  of  the 
cylinder  at  which  it  entered.  By  this  method  the  relatively 
cold  expanded  steam  "washes"  the  cylinder  walls  and  heads 
during  exhaust,  thus  absorbing  more  heat  from  them  than 
it  would  if  exhausted  without  a  return  flow.  The  uni-flow  prin- 
ciple, as  explained  avoids  this  return  flow  with  the  result  that 
the  steam  passages  and  heads  have  a  higher  temperature,  thus 
initial  condensation  is  reduced. 

In  the  uni-flow  engine,  the  steam  enters  at  the  end  as  in  the  ordinary 
engine,  but  is  exhausted  from  the  center  of  the  cylinder  at  the  furthest 
point  from  the  heads.  The  flow  of  steam  is  in  one  direction  only,  hence 
tiie  term  uni-flow. 

The  advantage  of  this  construction  lies  in  the  reduction  of  the  loss  by 
initial  condensation.  Ordinarily  the  cylinder  head  is  chilled  by  the  rudhi 
of  exhaust  steam  past  its  face,  so  that  at  the  beginning  of  the  next  stroke, 
a  considerable  per  cent  of  the  incoming  steam  is  condensed  as  fast  as  it 
enters  the  cylinder. 
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In  the  uni-flow  engine  the  hot  ends  of  the  cylinder  are  not  chilled  ex- 
cessively in  this  manner  and  initial  condensation  is  considerabljr  reduced. 
Furthermore,  unlike  the  fotu:  valve  engine  the  face  of  the  piston  and 
cylinder  head  of  the  tmi-flow  engine  are  exposed  to  exhaust  temperature 
only  for  the  very  small  length  of  time  that  it  takes  the  piston  to  imoover 
the  exhaust  ports. 

.  On  tiie  return  stroke  the  steam  at  exhaust  temperatture  and  pressure  is 
caught  between  the  piston  and  cylinder  head,  and  as  the  piston  moves 
ba£  this  steam  is  compressed;  at  the  end  of  stroke,  the  pressure  in  the 


KCUJtF.VALVC: 


CXHAQST  PORT 


JBCUtf  VAUVC 


Fks.  1,118. — TyiHcal  European  uni-flow  cylinder  of  the  relieved  eompreeelon  twpe,  Tht 
cylinder  is  virtually  two  single  acting  cylinders,  set  end  to  end,  with  a  common  exhaust, the  lat- 
ter consisting  of  concentric  ports  at  the  middle  as  shown,  these  being  uncovered  by  the  piston 
when  at  the  end  of  the  stioice.  In  operation,  steam  is  admitted  by  the  admission  valves 
at  the  ends  of  the  cylinder.  These  valves  (not  shown)  are  usually  of  the  double  beat  poppet 
type.  After  cut  off  the  steam  expands  untd  near  the  end  of  the  stroke  the  exhaust  ports  are 
onoovered  by  the  piston  and  exhaust  takes  place,  the  piston  is  shown  in  the  figure  at  the  end 
of  the  atroke,  exhaust  ports  fully  opened.  On  the  return  stroke  the  piston  d,ose8  the  ports 
and  compression  begins  very  early.  This  early  compression  necessitates  relief  valves  or 
equivalent  to  prevent  excessive  compression  when  operating  non-condensing.  Thus  the 
tmi-flow  engine  is  inherently  a  condensing  engine.  The  thermal  disadvantage  of  the  alter- 
nating flow  engine  consists  mainly  in  the  loss  of  heat  through  the  cooling  dt  lar^  surfaces 
of  the  clearance  space  by  the  wet  exhaust  steam,  which  flows  back  with  great  velocity  toward 
the  exhaust  valves,  cooling  the  surfaces  and  canying  heat  to  the  exhaust.  This  heat  must 
be  replaced  by  incoming  steam,  and  considerable  condensation  is  the  result.  In  the  uni- 
flow  cylinder,  this  condensation  is  greatly  reduced,  as  the  heads  are  kept  hot  by  the  admission 
of  steam  at  high  pressure  and  by  the  heat  of  compression,  whUe  the  exhaust  ixnts  are  never 
exposed  to  the  hot  steam,  so  there  can  be  no  transfer  ci.  heat  to  be  carried  to  waste.  Thus 
a  hot  end  and  a  cold  end  are  maintained  with  a  gradual  fall  of  temperature  between. 


clearance  space  is  equal  to  the  steam  line  presstu*e.  The  temperature  also 
increases  not  only  due  to  the  heat  of  compression  but  also  to  the  absorption 
of  heat  from  the  head  jacket,  so  that  at  the  end  of  the  stroke  the  steam 
temperature  in  the  clearance  spaces  is  considerably  above  the  steam  line 
temperature.  Therefore,  when  the  steam  valve  opens,  the  incoming  steam 
meets  relatively  hot  surfaces  and  condensation  is  largely  reduced.  The 
result  is  that  a  wider  pressture  and  temperature  range  can  be  allowed  in  a 
single  cylinder. 
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In  Europe  practically  every 
steam  plant  operates  condensing, 
but  in  America  where  there  is  an 
utter  disregard  for  the  preserva- 
tion of  the  natural  resources  of 
the  country,  and  where  at 
present  the  cost  of  fuel  is  not  so 
great,  a  large  percentage  of 
plants  are  run  non-condenang. 

As  may  be  seen  from  the  in- 
dicator card,  fig.  1,119,  which  is 
typical  of  European  uni-flow 
practice,  compression  begins  as 
soon  as  the  piston  covers  the 
central  exhaust  ports  on  its  re- 
turn stroke. 

With  this  arrangement  the 
compression  period  is  about  90 
per  cent  of  the  stroke,  hence,  it 
is  evident  that  unless  the  pres- 
sure during  exhaust  be  very  low 
as  when  operating  condeosittg, 
the  lengthy  compression  would 
become  so  excessive  as  to  be  det- 
rimental to  the  engine,  unless 
large  clearances  were  employed. 

In  this  connection  it  should 
be  noted  that  the  same  excessive 
compression  will  obtain  if  the 
vacutun  fail  on  a  condensing 
engine. 
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Pig.  1,121.— Indicstor  diagram  tor  Filer  and  Stovetl  uni-flow  eli 
Ibi.  mitio]  prcBnm;  2A  indi  vacuum;  ISO  r-fi-m-   Ecoriom/  gi 


Cylinder  IS  X30;  12S 
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In  order  to  meet  this 
condition  and  to  adapt 
the  engine  to  non-con- 
densing operation  the 
uni-flow  engine  has  been 
modified  in  several 
ways,  giving  rise  to  types 
which  may  be  classed 
as: 

1.  Relieved  compres- 
sion; 

2.  Variable  clearance; 

3.  Variable  compres- 
sion. 

The  first  type  employs 
snifting  or  relief  valves 
which  allow  the  com- 
pression to  reach  a  pre- 
determined degree  only. 

In  the  second  type 
auxiliary  clearance 
pockets  are  provided  in 
both  cylinder  heads, 
controlled  by  hand  oper- 
ated or  spring  backed 
relief  valves,  which  re- 
lieve the  cylinder  of 
excessive  compression  by 
forcing  some  of  the  com- 
pressed steam  into  the 
auxiliary  clearance 
pockets. 
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s.  1,1  IT. — Sectional  view  of  Ames-Btuiopt  variable  clwrince  oni-flow  engine.   He  deaniice 
is  v»ried  by  an  aatomatie  by  pau  valve  leading  to  auiiliary  clearapce  pf" "' '""" 


Robb-Am 
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der.    The  mimBAir 
which  Hre  phced  at 


ordiiiary    aon-con- 

deniiiiE     operation 
with  thia  airange- 


■iGS.  1.130  and  l,131.~PIan  and  elevation  of 

aiuiliary  eiha^it  valve  gear  ol  .Slrinner  vari- 

•truclfan.  A,  ia  the  ahait  supporting  idler 

B,  which  i.  operated    by    cST  CT  Thia 

SThV^'^'^ltftT^fiSZ.'^i 

of  the  cam  box.   Wben  the  cam  C,  raises  the 

idler  B,  the  Utter  nites  the  nngle  beat  «- 

hamtvalve.Uie  stem  ofwhichpro>ecla  within 
a  ahort  diataoce  of  the  idter  B.    The  apriog 

aroond  the  valve  item  has  only  enough  ten- 

immened  in  oil  as  shown.    The  poclieC  E.  is 

connected  to  the  central  eihaust  port  by 

means  of  a  small  pipe;  the  spring  in  the 
pocket  ia  to   keep   the   idler.   Ihrough  ita 

attached  shaft,  in  raster  with  the  stem  of 

valve  and  cam  C,  d&ectly  underneath.    In 

■ion  of  the  spring  in  pocket  E,  and  draws  the 

^aft  into  the  pocket,  thia  in  turn  rtifta  the 

C.  ao  tbat  while  the  cam  still  operates  as 
before,  it  cannot  hft  the  valve.    Hence  the 

eiiats  in  the  eihaost  pipe,  and  b  kept  tightly 

Bridge  P,  acta  aa  a  slide  and  a  rest  for  the 

idler,  and  holds  it  at  the  proper  heifiht  an 
that  if  the  vacuum  faQ,  the  spring  nifi  slide 

the  idler  between  the  cam  and  valve  Btem, 
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Fics.  1,132  to  1,137. — Sectbnal  views  of  Skinner  delayed  compnssioa  tui-floir  niinder  and 

only;  fig.  1,133  lifaJ  mi,  full  opening  oi  valve;  (ran*  (nd,  ejhauat  through  main  ports Bbout 
toclon;  fie.  1,134,  head  end ,  point  oi  cut  oQ;  tronk  md,  exhaust  of  trapped  steAm  through 
opehauidliaryeihsiiat  valve;  fig.  1.13a.  Atmjoid.eipansion  taking  pUceicratiftnd.besiniuQE 

pre-release  begins;  crank  end.  continuation  of  eomprejaion;  fig.  1,137.  indicator  diagnm 
illustrating  the  cycle  of  operation  just  described. 
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Since  the  added  clearance  results  in  less  ectmomy,  this  type  is  onlf 
suitable  for  condenmng  operation;  the  auxiliary  dearance  being  intended 


to  1,147. — Crosa  vflctiooa  of  Sidnner  expanding  poppet  valva  and  porta  ucusenibM* 
uctton  the  upper  part  of  the  valve  ta  not  neidly  connected  to  the  lover  put, 
1  an  eipanding  and  telescopic  action  to  compensate  for  any  difference  in  eapannoa 
inder  and  valve  metal.  The  apring  ahown  is  not  euential  to  the  operation  of  the 
function  being  to  serve  aa  an  clastic  stop. 


open.       Labyrinth    or 
water  groove   packins 
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1,  or  for  emergency  Bhould 


The  third  type  employs,  besides  the  main  exhaust  ports  at 
the  middle  of  the  cylinder,  auxiliary  exhaust  valves  located 


Pig.  l.ISO. — Detail  of  udmisBion  gear  of  Skinner  variable  cfrnipnagion  um-flow  eogiiie.     It 

the  opeiBtion  of  Ihe  valves  by  meana  of  forked  levers  or  liflera.  on  which  are  mounted  rollen 

bearing  aaunat  the  r -^^ '-  ' '  =-  ---  •--  -■ '   -  -■--  -— - 

■XtaceJ.  Labyrinth  oi 
valve,  cam,  and  lifte 

about  midway  between  the  ends  and  the  middle  of  the  cylinder, 
thus,  by  exhausting  through  these  auxiliary  exhaust  valves, 
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I  after     the     piston     has 

I  closed  the  main  exhaust 

I  ports,  compression  may 

I  be  delayed  to  such  pomt 

B  that  the  pressure  at  the 

S  end  of  compression  will 

I  not  be  excessive. 


The  various  types  are 
illustrated  in  the  accom- 
panying cuts. 


al  efficiency  (simplr)  «  .8B  to. 
ime  testa  are  u  follows:   T—t 


le  184  h.  p 


X  39;  .tcKm   140   lbs..  376* 

.;  12.2S  lbs.  Eleun  per  h.  p. 

Tat  Si  observer,  Sturapfi 


■1 

□Dsfrvrr,  Stumpt;  Blram    IVi  lbs., 
518'  Fflhr.;  8.9  Ibi.  per  h.  p.  hour. 

s 

and  Wain;  engine  115  to  220  h.  p.; 

Bteam  140  lbs.,  Bfl^'Pshr.;  8.08  to 

0.6S    lbs.  steam  per  h.  p.  hour. 

^ 

tingle  cylinder. 

i. 

NOTE.— Tests  oo  100  h.  p.  con- 

■li 

densing  engine  by  Lents  gave  the 
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CHAPTER  19 

COMPOUND,  TRIPLE  AND  QUADRUPLE 
EXPANSION   ENGINES 


To  seeure  economy  in  the  use  of  steam  in  the  operation  of  a 
Stteani  engine,  it  is  necessary  that  the  steam  be  expanded  to  a 
proper  degree,  depending  on: 

1.  Initial  pressure,  and 

2.  Backpressure. 


A       F  E 

Pig.  1,153.*— 'Diagram  illustrating  the  theoretical  economy  due  to  expansion. 


Theoretically,  the   greater   the   number   of   expansions,  the 
greater  the  economy,  as  is  clearly  illustrated  in  fig.  1,153. 

Thus,  in  the  figure,  if  an  engine  have  a  stroke  corresponding  to  A  F,  and 
steam  be  admitted  full  stroke  to  F,  as  would  be  the  case  in  some  steam 
pumps,  considerable  steam  would  be  required  in  proportion  to  the  work 
done,  because  it  was  not  allowed  to  expand.  In  this  case  the  work  done 
during  the  stroke  would  be  represented  by.  the  area  A  B  C  F. 

Now  suppose  the  stroke  be  increased  to  E,  and  the  same  volume  of  steam 


JA 
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Similarly,  if  the  stroke  be  increased  to  B'  and  the  same  amount  of  steam 
be  admitted  there  will  be  an  additional  gain  equal  to  the  black  area 
D  D'  £'  E  or  S,  the  total  gain  being  M  +S. 

It  would  appear  from  the  foregoing  that  the  greater  the 
expansion,  the  greater  the  gain,  but  this  does  not  hold  in  practice. 
There  are  several  conditions  which  limit  the  number  of  expansions 
that  can  be  made  in  one  cylinder  without  introduang  losses 


ir 


that  would  offset  the  gain.     These  losses  which  increase  with 
the  number  of  expansions  are  due  to: 

1.  Initial  condensation ; 

2.  Condensation  during  expansion; 

3.  Clearance; 

4.  Decreasing  mechanical  efficiency; 

5.  Interest  in  the  increased  cost  of  engine. 

Condensation. — The  principal  loss  is  by  condensation,  the 
effect  of  which  is  to  reduce  the  area  of  the  card;  thtis,  instead 
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of  obtaining  the  theoretical  card,  as  in  fig.  1,153,  it  would  take 
a  form  similar  to  that  shown  in  figj.  1,154. 

In  the  figure,  assume  the  initial  pressure  to  be  120  lbs.  absolute 
corresponding  to  341®  Pahr.,  temjinal  pressure  at  D',  10  lbs. 
and  back  pressure  2  lbs.  corresponding  to  126®.  Then  if  the  ex- 
pansions take  place  in  a  single  cylinder,  the  range  of  temperature 
in  that  cylinder  is  341®  — 126®  =  215®,  and  in  operation,  the 
cylinder  walls  being  subjected  alternately  to  the  high  and 
low  temperattires,  will  be  heated  to  some  intermediate  tempera- 
ture. Accordingly,  when  steam  is  admitted  from  B,  to  C,  at  the 
high  temi^erature  corresponding  to  120  lbs.,-  it  meets  the  com- 
paratively cold  walls  and  considerable  initial  condensation 
takes  place,  as  indicated  by  the  shaded  area  X  representing  a 
pool  of  water  at  the  bottom  of  the  cylinder. 

The  temperature  of  the  steam  expanding  from  C,  decreases  as  its  volume 
increases  and  condensation  continues  tmtS  the  temperature  of  the  steam  is 
reduced  to  that  of  the  cvlinder  walls,  the  two  temperatures  being  equal 
at  some  point  of  the  stroke  as  M,  the  condensation  which  has  taken  place 
during  this  period  being  represented  by  the  shaded  area  Y.  As  the  piston 
moves  beyond  M,  the  temperature  of  the  steam  becomes  lower  than  that 
of  the  walls  and  re-evaporatton  takes  place,  that  is,  part  of  the  water  in  the 
bottom  of  the  cylinder  flashes  into  steam.  Thus,  if  p  n,  represent  the 
height  of  the  water  in  the  bottom  of  the  cylinder  when  the  piston  is  at  M, 
part  of  the  water  will  be  changed  into  steam  as  the  piston  moves  to  the 
end  of  the  stroke  and  the  amount  of  water  in  the  cylinder  at  the  end  of  the 
stroke  will  be  less  than  when  the  piston  was  at  M,  as  indicated  by  the 
sloping  line  n  t.  The  effect  of  this  re-evaporation  is  to  increase  the  area 
of  the  card  by  the  solid  black  area  R,  thus  elevating  the  expansion  line 
so  that  it  runs  from  M,  to  O',  instead  of  to  O.  This  gain  indicated  by  the 
solid  black  area  R,  is,  as  can  be  seen,  small,  compared  to  the  condensation 
loss  indicate!  by  the  shaded  area  G.  Moreover,  it  must  be  evident,  that 
any  water  in  the  cylinder  as  E  /,  not  re-evaporated  before  the  end  of  the 
stroke  is  lost  during  exhaust. 

It  must  be  evident  also  that  if  more  than  one  cylinder  be  provided  so  that 
the  expansion  can  take  place  in  two  or  more  stages,  thus  reducing  the 
temperature  range  in  any  one  cylinder,  it  will  result  in  less  loss  by  con- 
densation and  the  curve  CMO',  fig.  1,154,  will  approach  the  saturation 
curve,  thus  increasing  the  efficiency. 


MULTI-STAGE  EXPANSION  ENGINES 


Effect    of    Clearance. — 

Clearance  is  usually  expressed 
as  a  percentage  of  the  cylin- 
der volume,  but  so  far  as 
economy  is  concerned  its  re- 
lation to  the  cylinder  volimie 
up  to  the  point  of  cut  off 
should  be  considered  as  must 
be  evident  from  figs.  1,155 
and  1,156. 

Thus,  suppose  a  single  cylinder 
variable  cut  off  engine  have  a 
clearance  of  5  per  cent  of  the 
cylinder  volume. 

It  this  engine  cut  off  at  say,  14 
stroke  as  in  fig.  1,155,  the  steain 
required  to  fill  the  clearance 
(represented  by  the  solid  black 
area)  will  be  10  per  cent  o£  that 
supplied  during  admission  rep- 
resented by  the  shaded  area  M, 

Now,  if  the  cut  off  be  reduced  to 
one-tenth  stroke  as  in  fig.  1,156 
then  50  per  cent  of  the  volume 
of  steam  admitted  from  the 
be^nning  of  the  stroke  to  the 
pamt  of  cut  off  is  required  to  fill 
the  clearance. 

Of  course,  in  practice,  part  of 
the  steam  required  for  clearance 
is  obtained  by  compression,  how- 
ever, as  the  iltustratioas  clearly 
indicate,  the  loss  due  to  clearance 
'        increases    as    the     cut    off    is 


If  the  expansions  take  place  in 
two  or  more  cylinders,  this  loss 
will  be  considerably  reduced. 
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Compound  Engines. — ^A  compound  engine  is  one  in  which 
the  steam  is  expanded  in  two  stages;  the  steam  after  expanding 
in  one  cylinder  is  further  expanded  in  a  second  cylinder. 
The  first  or  small  cylinder  is  called  the  high  pressure  cylinder , 
and  the  second  or  large  cylinder,  the  low  pressure  cylinder. 

Sometimes,  the  second  stage  of  the  expansion  is  eflfected  in 
two  cylinders,  making  the  number  of  cylinders  greater  than 
the  number  of  stages,  but  in  general,  such  construction  is  ques- 
tionable and  open  to  criticism.  * 

The  term  compound  was  formerly,  though  improperly  applied 
to  triple  and  quadruple  expansion  engines. 

Compound  engines  may  be  classified: 

1.  With  respect  to  the  action  of  the  steam,  as 

a.  Direct  expansion; 

h.  Receiver  {  '^^^:^- 

2.  With  respect  to  construction,  as 

a.  Tandem; 
h.  Cross; 

c.  Three  cylinder; 

d.  Steeple. 

3.  With  respect  to  service,  as 

a.  Stationary; 

b.  Marine; 

c.  Locomotive. 

The  two  types  of  special  interest  here  are  the  direct  expansion 
engine,  and  the  receiver  engine. 


♦NOTE. — ^The  author  does  not  believe  that  three  cylinder  compounds,  or  four  cylindef 
triple  expansion  engines  are  justified  under  any  conditions,  for  as  Watt  has  said,  "the  supreme 
excellency  of  machinery  is  in  its  simplicity"  and  the  above  types  represent  anything  but 
simplicity,  taking  into  account  their  working  cycles. ,  If  three  cylmders  are  to  be  provided, 
involving  three  sets  of  working  parts,  such  complications  seem  not  justified  without  gaining 
the, economy  due  to  three  stage  ei^ansion,  and  similarly  when  four  cylinders  are  used  the 
engine  should  be  a  quadruple. 
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^Direct  Expansion  Compound  Engine. — Fig,  1,157  shows 
the  essential  features  of  the  direct  expansion  engine. 

As  shown,  steam  enters  at  A/  £uid  flows  to  the  high  pressure  piston  B, 
whidi  is  just  beginning  its  stroke,,  bisukg  cut  off  and  expanded  as  in  a  simple 
engine. 


Fig.  1 ,157. — ^Elementary  direct  expanaUm  compound  engine.  The  expansionis  oontinttOttBafter 
cut  off  in  the  h.p.  cylinder,  steam  being  admitted  to  the  l.p,  cylinder  daring  the  entire  stroke. 

During  the  stroke,  the  steam  C,  admitted  to  the  other  side  of  the  piston 
and  expanded  during  the  previous  up  stroke,  is  now  exhausted  from  the 
high  pressure  cylinder  by  the  decending  piston  directly  into  the  low  pressure 
cylinder  against  the  piston  which  is  moving  upward. 


'I'NOTE. — ^The  term  direct  expansion  compound  engine  is  applied  to  an  engine  with  cranks 
at  180^  so  that  the  h.p.  cylinder  exhausts  directly  into  the  l.p.  cylinder  instead  of  into  a  receiwer 
as  in  an  engine  with  cranks  at  90°.  Thus  the  expansion  line  on  the  combined  diagram  is 
practically  continuous  instead  of  being  interrupted  by  drop  in  the  reoeiTer. 
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Fig.  1,158. — Theoretical  diagram  of  direct  expaneion  compound  engine  (fig.  l,157),illtistrati]ig 
its  cycle  of  operation.  ABCD,  is  the  diagram  for  the  h.p,  cylinder,  and  CDEP,  the 
diagram  for  the  I. p.  cylinder.  A»ahown,  steam  is  admitted  to  the  h.p,  cylinder  from  D, 
to  B,  expanded  from  B,  to  C,  and  exhausted  into  the  l.p.  cylinder  from  C,  to  D,  thus  com- 
pleting the  cycle  in  the  h.p.  cylinder.  It  will  be  noted  that  the  othaust  line  of  the  h.p.  cylinder 
forms  tbo  admission  line  of  the  l.p.  cylinder.  The  cycle  of  the  low  pressure  cylinder  begins 
at  F,  but  since  clearance  is  assumed  to  be  sero,  the  pressure  immediately  jumps  to  C,  when 
the  h.p.  exhaust  valve  opens.  Thxm  is.no  cut  off  in  the  l.p.  cylinder;  hence  the  expansion 
is  continuous  from  the  pouit  of  cut  off  in  the  h.p.  cylinder  to  release  in-  the  t.p.  cylinder. 
The  steam  Is  released  at  D,  and  the  pressure  immediately  falls  to  the  exhaust  pressure  which 
is  here  taken  at  1  lb.  corresponding  to  a  27.88  in.  vacuum.  As  shown,  the  value  shere  taken 
are:  initial  pressure  160  lbs.;  terminal  pressure  10  lbs.;  back  pressure  1  lb.;  cut  off  one- 
fourth  stroke.  The  tot&l  number  of  expansion  then  is  160  -4-10  » 16,  and  the  terminal  pressure 
at  C.  in  the  h.p.  cylinder  is  160  -f-4  *-40  lbs.  The  total  range  of  temperature  is  363.6* — 101.8* 
-261.8*.  of  which  range  in  the  h.p.  cylinder  is  363.6*- 193.2°  =  170.4*  and  in  the  l.p. 
cylinder  is  267.3*— 101.8* -165.5*.  It  will  be  noted  that  while  the  two  ranges  are  about 
tne  same,  which  is  desirable,  the  temperatures  overlap,  making  the  sum  of  the  two  ranges 
170.4*-)- 166.5* -335.9*  or  74.1*  in  excess  of  the  total  range  of  temperature,  that  is,  the 
l.p.  cylmder  walls  are  subjected  to  74.1*  excess  cooUng  during  exhaust  which  is  an  inherent 
defect  of  the  cycle. 
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pressure  cylinder  passes  into  a  receiver  instead  of  direct  to  the 
low  presstire  cylinder. 

As  shown,  steam  enters  at  A  and  flows  to  the  h.  p.  piston  B,  which  is  just 
beginning  its  stroke,  being  cut  oflF  and  expanded  as  in  a  simple  engine. 

During  the  stroke  the  steam  C,  admitted  to  the  other  side  of  the  piston 
and  expanded  during  the  previous  up  stroke,  is  now  exhausted  from  the 
hJ  p,  cylinder  by  the  descending  piston  into  the  receiver  at  R,  as  indicated 
by  the  arrows.    The  /.  p,  crai3c  being  90**  ahead  of  the  /.  p.  piston  has 


Pig.  1.160.— Actual  diagrams  of  a  single  acting  compound  engine  with  cranks  at  180*  8h9wing 
effect  o£  very  small  receiver.  M ,  is  the  h,  p.  diagram  and  S,  thel.  p.  diagram.  In  the  h.p.  cylinder, 
admission  is  trom  A,  to  B,  and  expansion  from  B,  to  C.  At  C,  release  occurs  and  steam  exhausts 
into  the  /.  P.  cylinder  from  C,  to  D,  when,  the  exhaust  valve  Closes  and  compression  begins. 
The  exhaust  line  C  D  of  the  h.  p.  cylinder  is  an  expansion  curve  because  the  steam  expands 
from  one  cylinder  into  the  other;  The  slight  gap  between  0  D  and  E  F,  is  due  to  free 
expansion  and  friction  in  the  ports  and  i>assages.  £  D.  is  the  admission  line  of  /.  p.'  cylinder. 
At  D,  communication  between,  the  two  cylinders  is  shut  off,  the  steam  in  the  h.  p.  cylinder 
being  compressed  to  A,  and  that  in  the  /.  p.  cylinder  expanded  from  P.  to  G.  Exhaust  taking 
place  from  G,  to  H,  and  compression  from  H,  to  E.  The  temperature  ranges  are  TT',  for  the 
h.  p.  cylinder,  and  t  V  for  the  I,  p.  cylinder,  the  ranges  overlapping  from  i  to  T'. 


moved  about  one-half  stroke,  and  asstmiing  an  early  cut  off  in  the  /.  p, 
cylinder,  steam  has  been  admitted  to  the  /.  p.  cylinder,  and  cut  off  as 
indicated. by  the  broken  arrow  C,  exi>ansion  now  taking  place  in  the  /.  p. 
cylinder  and  simultaneously  exhausting  from  the  lower  side  of  the  piston  D, 
into  the  atmosphere  or  condenser  at  E,  according  as  the  engine  is  run  non- 
condensing  or  condensing. 

Theoretically,  as  must  be  evident,  if  steam  be  cut  off  in  the  low  pressure 
cylinder  at  such  point  that  the  volimie  admitted  to  the  /.  />.  cylinder  is 
the  same  as  that  exhausted  from  the  h.  p.  cylinder,  and  the  receiver  be 
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EQUAL  DISTRIBUTION  OF  WORK 
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I  48.5"  TEMPERATURE  RANGE  IN  L.P  CYL 


148.5 
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Figs.  1 ,163  and  1 .1 64. — Combined  theoretical  diagrams  for  compotmd  engine;  fig.  1 ,103  diagnuns 
for  equal  temperature  range  in  each  cylinder;  fig.  1,164  diagrams  for  equal  work  in  each 
cylinder.  For  equal  ranges  of  temperature,  fig.  1,163,  the  h.p.  cyl.  will  develop  the  grea*^ 
power,  whereas,  when  both  cylinders  develop  the  same  power  as  in  fig.l,164the/.^.cyl.will 
be  subjected  to  a  larger  range  of  temperature,  being  in  this  case  148.5*— I13.3*=35.2'in 
excess  of  that  in  the  h.p.  cyl.  In  this  connection  it  should  be  noted  that  for  low  pressure 
as  in  the  l.p.  cyl.  the  difference  in  temperature  per  lb.  difference  in  steam  pressure  is  much 
greater  than  for  high  pressures  as  in  the  h.p.  cyl.  Thus  the  difference  in  temperature  of  steam 
at  160  and  150  lbs.  pressure  is  .5**  while  for  10  and  9  lbs.  steam  pressures  the  difference  is  4.9  . 
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In  marine  engines,  which  employ  a  late  cut  off,  this  loss  is 
considerable,  as  will  be  later  shown. 

Cylinder  Ratio  in  Compound  Engines. — It  must  be  evident 
that  if  steam  is  to  expand  in  both  cylinders  of  a  compound 
engine,  the  second  or  low  pressure  cylinder  must  be  larger  than 
the  first  or  high  pressure  cylinder,  for  as  stated  by  Clark: 

"If  the  capacity  of  the  cylinders  were  equal,  it  is  clear  that  the  first 
cylinder  full  of  steam  would  only  be  transferred  to  another  space  of  the 
same  volume.  No  useful  work  would  be  done  by  this  operation,  for  though 
the  translated  steam  would  press  forwards  on  the  Second  piston,  according 
to  its  elasticity,  it  would  likewise  press  backwards  with  equal  force  on  the 
first  piston,  and  so  cotmteract  itself.  To  generate  i;seful  work  by  expansion, 
therefore,  in  exhausting  steam  from  the  first  into  the  second  cylind^,  the 
second  cylinder  must  be  of  greater  capacity  than  the  first/' 

The  relative  size  of  the  low  pressure  cylinder  as  compared 
with  tfee  high  pressure  cylinder,  that  is,  the  cylinder  ratio  is  of 
considerable  importance,  as,  upon  this  depends  the  economical 
working  of  the  engine. 

The  choice  of  cylinder  ratio  is  governed  by  a  number  of 
conditions,  more  or  less  conflicting,  such  as 

1.  Initial  pressure; 

2.  Quality  of  the  steam; 

3.  Terminal  pressure; 

4.  Character  of  the  load; 

5.  Kind  of  service,  etc. 

The  items  upon  which  the  cylinder  ratio  directly  depends,  are: 

1.  Initial  pressure;  3.  Cut  off; 

2.  Terminal  pressure;  4.  Drop. 

The  initial  pressure  will  be  governed  by  the  degree  of  economy  desired 
which  in  turn  is  influenced  by  the  cost  of  fuel,  and  whether  the  engine  is 
to  be  run  non-condensing  or  condensing. 

The  terminal  pressure  is  also  governed  by  the  degree  of  economy  de- 
sired, and  limited  by  the  character  of  the  load  and  the  hsLck  pressure.   Thus, 
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teroiinal  pres^t^^&tfull  load  is  a  matter  requiring  considerable  experience 
and  involves  'con^dering  all  the  conditions  of  opneration  of  the  engine, 
present:  ^d  ftilure.  Thus,  in  addition  to  the  condition  already  mentioned, 
if  aar  engine  bi  sel^ted  for  a  rapidly  growing  plant,  a  very  low  terminal 
pressure  couldfbe  Assigned,  that  is,  an  engine  too  lai^e  for  the  load  at  the 
start  could  bef.inst|^lled,  and  operated  at  reduced  economy,  the  loss  thus 
iQdurred  being  mor0  than  made  up  when  the  load  has  increased  by  the 
growtt^  of  the.  planii,  thus  avoiding  excessive  overload. 

.  The  cut  oif  will  depend  on  the  type  of  engine,  a  short  cut  off  being  em- 
ployed in  statnnarfj  practice  where  continuous  expansion  is  aim^  at, 
and  a.li^te  cutbfF  iillmarine  practice  where  the  expansion  is  interrupted  by 
dr6p,Qr  free  expansion  in  the  receiver,  or  receivers. 

In  fixing  the  cylinder  ratio  there  are  two  conditions  of  operation  that 
would  be  very  desir?ible,  but  which  conflict;  they  are: 
.1.  Equal  tetiperaiure  ranges; 

2.  Bqual  pollers.  '; 
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Pig.  1,166.— Tyt>i- 
cal  cut  offs.  A,  V7i 
stationary  con- 
densing; B,  yit 
stationary  n  o  n- 
condensing;  C,  Vus 
standard  marine. 


Thus,  the  pfime  object  of  ^^xpanding  steam  in  more  than  one  cylinder 
bein|f  to  divide  the  tot«l  range  of  temperattu'e  the  ideal  condition  would 
obtam  when  the  fall  of  tempensture  was  equal  in  each  cylinder,  as  in  fig. 
1,1^.  However,  in  construction,  it  is  desirable  that  each  cylinder  develop 
equal  power,  as  in  fig.  1,164. 

Comparing  the  diagrams,  it  is  seek  in  fig.  1,163,  that  equal  temperature 
range  is  obtained  by  an  unequal  distribution  of  power  and  in  fig.  1,164.  that 
equal  distribution  of  power  mvolves  unequal  temperature  ranges. 

While  the  c^se  here  given  does  not  show  a  very  marked  difference  in  the 
temperature  ranges  for  equal  work,  others  wotdd  show  greater  differences 
esp^aally  witi  triple  and  quadruple  expansion  engines^ 

In  designing  a  compound  engine  the  sizes  of  the  cylinders 
can  be  determined  with  a  sufficient  degree  of  accuracy  from  the 
theoretical  diagram  by  using  a  suitable  diagram  factor.     In 
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general,  the  terminal  pressure  may  be  safely  assumed  at  from 
10  to  12  lbs.  for  condensing  engines  and  from  20  to  25  lbs.  for 
non-condensing  engines. 

The  following  example  from  Kent  will  illustrate  one  method  of 
determining  the  cylinder  diameters  for  equal  horse  power. 


Example. — ^Pind  the  cylinder  diameters  of  a  compotmd  condensmg 
en^e  of  2,000  horse  power  at  a  speed  of  700  feet  per  minute,  with  100  lbs. 
boiler  pressure. 

100  lbs.  gauge  pressure  "-116  lbs.  absolute,  less  drop  of  6  lbs.  between 
boiler  and  cylinder  » 110  lbs.  initial  pressure  absolute.  Assuming  terminal 
pressure  in  LpxyL  >*6  lbs.,  the  total  number  of  expansions'"  110 -h6"- 18.33 
Hyp.  log  18.33  » 2.909.    Back  pressure  in  Lpxyl,  "-3  lbs.  absolute. 

The  following  formulae  are  used  in  the  calculation  of  each  cylinder: 

.     .         r     ,.  J         k&rse  power X33,000 

1.  Area  of  cyhnder-^^  ^^^.^^  ^^^ 

2.  Mean  effective  pressure '^  mean  total  pressure— back  pressure, 

3.  Mean  total  pressure*^ terminal  pressure X (I +hyp,  log  R). 

4.  Absolute  initial  pressure  ^als.  terminal  pres.Xralio  of  expansion. 


Solution. — ^Pirst  calculate  the  area  of  l,p,  piston  as  if  all  the  work  were 
done  in  the  I, p.  cylinder. 

From  3,  mean  total  pressure»6X(l+hyp.  log  18.33) « 23.454  lbs. 
From  2,  mean  effective  pressure—23.464— 3  ■■20.464  lbs. 

From  1,  area  of  piston- -^^^5^^= 4.610  sq.  ins.»76.6ins.  diam. 

If  half  the  work  or  1,000  horse  power  be  done  in  the  Lp.cyl.t  the  m,e,p. 
will  be  half  that  found  above,  or  10.227  lbs.,  and  the  mean  total  pressure. 

10.227+3  =  13.227  lbs. 

From  3,  l+hyp,  log  iS- 13 .227-!- 6 -2.2045 
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or,  *yp.  fe« -R- 2.2045- 1=^=1.2045. 

whence  i?  in /./>.cyZ.  =3.335 

-      .  .  .  •      •  «        •  . 

From  4,  3.335X6=20.01  lbs.  initial  pressure  ia  Lpxyl,  and  terminal 
pressure  in  h.p.cyl.,  asstuning  no  drop  between  cylinders. 

R  in  k.p.cyl.  «^  110-7-20^01  =  18,3^+3.336 =5*497,    ,       . 

From  3,  mean  total  pressure  in  h.p.cyl, 

=20.0lxa+iiyp.  log.  5.497)  =54.11       . ,    ';      .  ' 

From  2,  54.11-20.01=34.1  m.e.p.  in  h.p.cyl. 

From  1,  area  of  h.p.cyL^  h^?^^}*^  ==1,382  sq,  in.t»42  in,  diam. 

V       ..  700X34.1  . 

cylinder  tatio*i4,610-frl^2«3.34  .   .; 

The  area  of  the  h.p.cyl.  niay"  be  found  mopfr  directly  by  dividing  the  area 
of  the  l.p.cyl.  by  the  ratio  of  expansion,  in  that  cylinder,  thtits 

4.610'*-3.335='1.382  sq,,jn. 


Summary 


.f. 


Initial  pressure  absolute . . . 
Terminal  pressure  absolute 

Number  of  expansions . 

Mean  effective  pressure 

Area  of  piston , . . . 

Diameter  of  cylinder 

Cylinder  ratio 


High  pressure 
cylinder 


110  lbs: 

20.01  lbs. 

5.497 

34 . 1  lbs. 

76.7  sq.  ins. 

11%  (approx.) 

1 


Lowpressiue 
cylinder 


20.01  lbs. 

16  lbs. 

3.335 

18.35  lbs. 

281  sq.  ins. 

19  ins.  (approx., 


NOTE. — In  the  above  calculations  no  account  is  taken  of  clearance,  of  compression,  of 
drop  between  cylinders,  nor  of  area  of  piston  rods.  It  also  assumes  that  th6  diagram  in' each 
cyhnder  is  the  full  theoretical  diagram,  with  a  horizontal  steam  line  and  a  hyperbolic  expansion 
line,  with  no  allowance  for  rounding  di  the  comers.  To  make  allowance  tor  these,  the  mean 
effective  pressure  in  each  cylinder  must  be  multiplied  by  a  diagram  factor^  or  the  ratio  of  the 
area  of  an  actual  diagram  of  the  class  of  engine  considered  with  the  given  mitial  and  terminal 
pressure ,  to  the  area  of  the  theoretical  diagram.     Such  diagram  factors  will  rtngit  froift  .^9  to  .94. 
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In  a  compound  engine  with  a  given  cylinder  ratio,  the  variable  elements 
of  the  cycle  are,  as  stated  by  Heck:  1 ,  load  on  the  engine;  2,  total  ratio  of 
expansion,  as  fixed  by  the  h,p,  cut  off;  Z,  Lp.  cut  off;  4,  exhaust  pressure. 

With  the  load  constant,  the  work  done  in  the  h,p,  cylinder  is  increased: 
1,  by  making  the/.j^.  cut  off  later;  2,  by  raising  the  boiler  presstire;  this 
slowly  decreases  pv.  with  amount  of  steam  admitted  to  perform  a  given 
total  amount  of  work  per  revolution,  but  it  adds  to  the  h,p,  diagram  by 
raising  the  admission  hne  and  low«ing  the  exhaust  line  more  rapidly  than 
it  subtracts  by  drawing  inward  the  expansion  curve.  By  raising  the  ex- 
haust pressure:  this  subtracts  more  from  the  bottom  of  the  l.p,  diagram 
than  is  added  on  account  of  the  increase  in  pv,  and  the  corresponding  rise 
in  the  receiver  pressure. 

In  a  given  engine,  the  preservation  of  an  equal  division  of  load  requires 
that  the  lj>,  cut  off  shall  vary  with  the  h.p.^  in  the  same  direction.  If  the 
Lp.  cut  off  be  left  constant,  increasing  the  load  increases  the  share  taken  by 
the  l,p,  cylinder. 

In  proportioning  an  engine  with  a  view  to  a  certain  division  of  power 
and  a  reasonable  relative  amount  of  loss  by  receiver  drop,  the  h.p,  cylinder 
must  be  relatively  smaller  as  the  total  ratio  of  expansion  is  greater.  With 
a  fixed  l.p.  cut  ds  and  with  a  constant  amoimt  of  steam  admitted  to  the 
h.p.  cylinder  per  revolution,  the  volume  of  the  h  p.  cylinder  can  be  varied 
over  quite  a  range  with  comparatively  little  effect  upon  the  division  of 
work,  but  with  a  great  influence  upon  the  receiver  drop. 

If  the/./>.  cut  off  be  varied  in  a  proper  relation  to  the  size  of  the  h.p, 
cylinder  (that  is,  so  as  to  keep  the  proportion  of  receiver  drop  about 
constant),  making  the  latter  larger  gives  it  a  larger  share  in  the  power 
developed. 


Variable  Load  in  Compound  Engines. — ^A  compound 
engine  of  good  design  will  show  considerable  economy  at  full 
load.  If  the  load  vary  considerably,  the  economy  is  not  so  good. 
There  are  several  methods  of  regulation  to  meet  changes  in 
load,  as  by 

1.  Variable  cut  off ; 

2,  Throttling. 

Variable  Cut  Off. — On  most  compound  Corliss  engines  the 
provision  for  regulation  is  such  that  the  low  pressure  cylinder 
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can  be  operated  either  with  a  fixed  cut  off  or  under  control  of  the 
governor  in  any  ratio  to  the  cut  off  in  the  high  pressure  cylinder, 
or  a  combination  of  both  methods,  giving  as  will  be  shown,  a 
convenient  and  accurate  control  of  the  receiver  pressure,  as 
required  for  any  sort  of  operating  conditions. 

As  an  example  of  regulating  mechanism  construction  the  low  pressure 
vsdve  gear  of  the  Hewes  &  Phillips  cross  compound  engine  is  controlled 
from  the  governor  by  the  usual  cross  shaft,  in  addition  to  which  a  differ- 
ential lever  is  supplied  which  is  controlled  by  a  quadrant,  enabling  the 
relation  between  the  cut  off  in  the  /.  p,  and  h,  p,  cvlinders  to  be  varied. 
Thus,  when  the  levers  are  detached  by  unlocking  the  bolt  which  secures 
them,  a  different  receiver  pressure  can  be  carried  at  will  and  the  load 
produced  by  the  two  cylinders  can  be  equalized,  after  which  the  levers 
can  be  agam  attached,  locking  the  bolt  by  using  a  knurled  thtunb  nut» 
when  the  low  pressure  valve  gear  is  again  imder  control  of  the  governor. 
This  feature  is  particularly  valuable  where  engines  are  lightly  loaded  when 
first  installed,  permitting  proper  receiver  pressure  to  be  earned. 

The  accompanying  diagrams  show  the  effects  obtained  on  the  steam 
and  power  distribution  between  the  two  cylinders  by  changing  the  cut  off 
in  one  or  both  cylinders. 

In  figs.  1,168  and  1,169,  let  ABCD,  and  DCEFG,  be  diagrams  of  a 
compound  engine  running  at  full  load  with  continuous  expansion,  that  is 
without  fall  of  pressure  in  the  receiver,  and  suppose  the  regulation  to  be 
variable  cut  off  m  the  h.  p,  cylinder  only. 

Now,  if  the  load  decrease,  the  governor  wiU  shorten  the  cut  off  from 
B  to  some  point  b,  changing  the  expansion  line  from  BC£,  to  bee,  and 
lowering  the  terminal  pressiure  from  FE  to  F  e. 

The  cut  off  being  fixed  in  the  low  pressure  cylinder  it  wiU  be  on  the  new 
expansion  line  at  c,  vertically  below  C. 

Shortening  the  cut  off  has  evidently  caused  the  h,  p.  diagram  to  loose 
the  area  6  B  C  c',  and  gain  the  area  D  c'  cd,  giving  the  area  M,or  Abe  d; 
the  low  i>ressure  diagram  has  lost  both  the  areas  C  E  «  c,  and  D  C  c  d, 
giving  the  area  S,  or  d  c  «  F  G.  It  will  be  noted  that  h,  p,  diagram  has 
fi[ained  in  height  a  distance  D  d,  while  the  /.  p,  diagram  has  lost  m  height 
by  the  same  amount;  clearly  the  area  of  the  h.  p,  diagram  has  increased 
with  respect  to  the  area  of  the  I.  p.  diagram. 

It  follows  from  the  explanation  just  given  that  shortening  the 
cut  off  in  the  high  pressure  cylinder  only 

1.  Brings  a  larger  proportion  of  the  load  on  the  high  pressure 
cylinder; 


S24  MULTI-STAGE  EXPANSION  ENGINES 

2.  Increases   tiu  number   of  expansions  in  the  high  fresstat 
cylinder; 

3.  Reduces  the  receiver  and  terminal  pressures; 

4.  Increases  the  total  number  of  expansions. 


Pio.  1,170. — Actnul  combined  diasnun  illuitrntiiiB  reguUtioa  brvi 

le  lanjer  ihue  ol  ttia  trotk  11  dons  in  the  h.p.  crliiider.  undu 


nliiiilBr  ool/.    Aa  Uis  cut  dfll  is  lenathensd  ths  tot^  porer  <d  the  enipna  iausntaed  u 


IS  lusBT  ihare  of  the  incTEaacd  power  beinfl  carded  bv  tha  1.^.  cylindar.     With  ai 

J  ji  .„j  ..  . ...-  . — j„  ,[j,„  oj  tha  woA  u  done  in  the  h.p.  crlindor, 

m  tha  ponet  in  ths  I.^.  cylinder  ma/  be  rednced  U 


1  combined  diagrsitu  iHustrating  effect  of  varying  the  cut  off  in  the  l.f. 
fipu-eit  iaseen  that  ahorteninffthccut  off  in  thei.f.  cylinder  throws  a  largtf 
work  into  the  Lp.  cylinder.  Thus  when  t.f.  cut  oft  i)  chuixed  fram  ooe- 
-  ''  ' ''     '  ^'"     -'lojigcd.the  A.ppdiaflranTbeingreduccd 


The  effects  of  lengthening  the  cut  off  in  the  h.p.  cylinder 
only  are  shown  in  fig.  1,169.  Here  the  diagrams  ABCD  and 
DCEFG,  correspond  to  fxill  load  as  in  fig.  1,168.    Now  if  the 
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load  increase  the  governor  will  lengthen  the  cut  ofE  from  B, 
to  some  point  b,  giving  the  new  diagram  M,  or  Abed  and  S, 
or  dcePG.  From  the  figure  it  is  clear  that  lengthening  the 
cut  off  in  the  h.p.  cylinder  only: 

1.  Brings  a  larger  proportion  of  the  load  on  the  low  prtssure 
cylinder; 


Pn.  11,79,— RcsnbUoii  by  variaUe  cat  off  (n  ft.*.  cyUodet  uhI  conatut  cat  off  In  l-P. 

_j,_J_-       ,>n.u . i.  j^jj—i—.i-^jjieeujy,,  L,r.  it  ta  evident  tf--"'"-'  - 

- d  rthorteuid  *if.  cut  ofl),  upcr .... 

a  aumOir  ituue  of  B  lUYer  lowl  Oencthcned  k.f.  cut  off),  u  per  curve*  m',V."—-Htck. 


With  equal  work  dlvUcn  for  the  middle  curves  L,F,  it  la  evident  that  "tlwk.«. 
*  «.  Mi. 


cvUnder  takea  m  laiitr  ahaie  cif  a  UBaDf  r  load  (thonenedtip.  cut  of 


2.  Reduces   (/le   number   of  expansions   in   the   ki^   pressure 
cylinder; 

3.  Increases  ike  receiver  and  terminal  pressures; 

4.  Reduces  the  total  number  oj  expansions. 

A  second  method  of  regulation  and  the  one  generally  used  is 
to  vary  the  cut  offs  in  both  cylinders,  the  l.p.  cut  off  varying  less 
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rapidly  than  the  fc.  p.  cut  off.    The  effect  of  this  regulation  being 
shown  in  figs.  1,173  and  1,174. 

For  comparison  the  same  full  load  diagrams  ABCD  and  DCEFG,  are 
used  as  in  figs.  1,168  and  1,169.  In  fig.  1,173  suppose  first  the  h.  p.  cut 
off  be  shortened  from  B,tob, 

If  the  /.  p*  cut  off  had  remained  fixed,  the  same  diagram  Abed  and 
dceFG,  would  be  obtained  as  in  fig.  1,169,  increasing  the  proportion  of 
load  carried  by  the  h,  p,  cyl. 

Now  suppose  the  /.  p.  cut  off  be  shortened  to  some  point  c"  (which 
will  fall  on  the  expansion  line  through  b).  The  effect  of  this  is  to  increase 
the  area  of  the  /.  p.  diagram  and  reduce  the  area  of  the  h,  p.  diagram,thus 
tending  to  equalize  the  (Ustribution  of  work.  Because  of  the  absence  of 
drop,  it  causes  the  expansion  to  proceed  in  the  h.  p,  cylinder  below  receiver 
pressure  from  c",  to  c,  resulting  in  negative  work  represented  by  the  solid 
black  triangular  area  c"  c'  c,  which  must  be  subtracted  from  A  b  c"  d\ 
to  obtain  the  effective  or  net  area  of  M.  The  dOfect  of  this  would  be  to 
cause  steam  to  blow  back  from  the  receiver  to  the  h,  p,  cyl.  at  release, 
(tending  in  the  case  of  a  Corliss  engine  to  lift  the  exhaust  valve  from  its 
seat)  till  the  pressure  was  equalized  or  raised  from  c,  to  c\  and  causing  the 
ft.  p,  piston  to  oppose  or  "buck"  the  /.  p,  piston  from  c",  to  c',  the  end  of 
the  h,  p,  stroke. 

Shortening  the  cut  off  in  both  cylinders  then  (when  there  is 
no  drop) 

1.  Tends  to  equalize  the  loads  carried  by  the  two  cylinders; 

2.  Tends  to  equalize  the  expansions  in  the  two  cylinders; 

3.  Tends  to  maintain  a  constant  receiver  pressure; 

4.  Reduces  the  terminal  pressure; 

5.  Increases  the  total  number  oj  expansions. 

Now,  with  the  same ,  method  of  regulation,  suppose  both 
cut  oflEs  be  lengthened  as  in  fig.  1,174,  the  h.  p.  cut  off  from  B,  to 
6,  and  the  l.  p,  cut  off  from  c,  to  c". 

The  corresponding  diagrams  are  M,  or  Abcc/ d,  and  S,  or  d c" e FG. 
The  expansion  is  interrupted  at  c,  and  the  pressure  suddenly  falls  or  "drops** 
to  c',  aue  to  lengthening  the  L  p.  cut  off.  This  lengthening  of  the  I,  p. 
cut  off  causes  the  /.  />.  diagram  to  lose  the  cross  shaded  area  d'  c  c"  d, 
and  the  h,  p,  card  to  gain  the  area  d'  c  c'  d^  while  the  solid  black  triangular 
area  c  c'  c",  is  lost  to  both  diagrams,  thus  tending  to  equalize  M  and  S, 
or  the  work  done  in  the  two  cylmders. 
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Throttling. — Where  a  load,  considerably  less  than  the  full 
load,  is  to  be  carried  for  an  extended  period,  as  when  a  large 
engine  is  installed  in  a  growing  plant,  and  must  operate  for 
some  time  with  a  load  so  small  as  to  be  beyond  the  economical 
range  of  the  engine,  the  economy  may  be  improved  by  reducing 
the  boiler  pressure  or  by  throttling  either  by  hand  or  governor 
control. 


Pig.  1.177. — Actual  combined  diagrams  illmtnting  rcgulatioa  by  throttling. 

Since  the  load  for  the  first  few  months  or  year  is  to  be  very  U§ht,  it  might 
be  necessary  to  reduce  the  initial  pressure  to,  say,  80  lbs.  i£  throtthng 
slone  were  used  for  regulation,  giving  the  diagrams  abed  and  dceFO. 
Such  a  method  might  give  a  terminal  pressure  too  low  for  best  light  load 
economy. 

A  combination  of  throttling  and  variable  cut  off  would  give  hotter  results, 
that  is,  the  pressure  might  be  throttled  down  to  Go ,  and  the  cut  oft 
lengthened  to  b'  {corresponding  to  equal  diagram  area),  thus  raiaiag  the 
terminal  pressure  for  a  given  load.  If  the  l.p.  cut  off  were  not  changed, 
the  new  dia-grams  womd  be  M  and  S,  or  a'b'c'd'  and  d'c'e'PG,  re- 
spectively. 

In  the  case  of  a  non-condensing  engine  as  in  fig.  1,176,  let  ABCD  and 
DCEPG,  represent  the  full  load  diagrams.  If  throttling  alone  be  em- 
ployed tor  regulation,  when  the  load  is  very  light  it  may  be  necessary  to 
so  reduce  the  initial  pressure  that  the  expansion  would  proceed  until  the 
pressure  in  the  cylinder  became  less  than  the  eshaust  pressure,  giving 
diagram  such  as  abed  and  dceFG,  with  the  resulting  loop  of  negative 
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M.  p.  CYLINDER 


Figs.  1 .178  and  1  ,t79. — ^Plan  and  elevation  of  croM  com|ioufui  engine.  Engines  of  this  type  are 

arranged  similar  to  a  form  of  simple  engines^  each  cylinder  working  on  its  own  cmnk,  set  at 
right  angles  to  the  other,  and  each  having  its  own  frame,  cross  head,  connecting  red,  etc 
This  construction  enables  one  side  to  be  run  as  a  simple  engine,  in  case  of  accident  to  the 
other,  and  the  two  cranks  give  a  nearer  uniform  turning  motion  as  compared  with  the  tandf^T" 
arran(?ement.  A  feature  of  the  cross  compound  type  is  that  one  side  may  be  installed  at  a 
time,  in  case  the  full  ix>wer  of  the  engine  be  not  needed  at  once,  the  h.  p,  side  b^ng  put  in 
first,  and  the  wheel  being  made  large  enough  to  drive  the  full  power  of  both  cylinders. 
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work  h  «/",  shown  in  solid  black  section.  This  may  be  avoided  by  still 
further  reducing  the  initial  pressure  and  lengthening  the  h,  p,  cut  off 
obtaining  diagrams  such  as  M  and  S,  or  a'  h'  c'  d'  and  d'  c'  fS'g* 

The  diagrams  show  that  non-condensing  compounds  are  most  suitable 
when  the  load  is  fairly  constant,  and  because  of  the  liability  of  expanding 
below  exhaust  pressure  with  the  accompanying  loop  of  negative  work, 
they  should  not  be  operated  with  a  terminal  pressure  lower  than  about 
20  lbs.,  as  this  allows  a  little  margin  for  variation  in  load. 
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Pigs.  l,180and  1,181. — Plan  and  elevation  of  tandem  compound  engine.  In  arrangement,  both 
cylinders  have  the  same  axis,  being  attached  to  one  piston  rod  and  working  upon  one  crank. 
The  h,  p.  cylinder  is  usually  placed  behind  the  U  p.,  the  latter  being  attachea  to  the  frame, 
and  sufficient  space  being  left  between  the  cylinder  to  allow  the  I.  p.  piston  to  be  withdrawn, 
the  piston  rod  being  arranged  to  uncouple  for  that  purpose.  This  arrangement  is  best  where- 
ever  the  width  available  is  limited,  or  wherever  the  fly  wheel  or  driving  pulley  must  be  placed 
alongside  of  wall  Sometimes  for  large  powers,  two  tandem  engines  are  arranged  as  a  pair,  to 
secure  ability  to  run  either  side  alone  and  giving  smaller  cylinders  than  would  be  necessary 
in  a  cross  compound  engine  of  the  same  i>ower. 


^2  MULTISTAGE  EXPANSION  ENGINES 

Combined  Diagrams  of  a  Compound  Engine. — ^According 
to  Prof.  Kennedy,  **the  only  way  of  correctly  combining  the 
diagrams  of  a  compotmd  or  other  multi-stage  expansion  engine 
is  to  set  oflE  all  the  diagrams  to  the  same  horizontal  scale  of 
volumes,  adding  the  clearances  to  the  cylinder  capacities  proper. 
Where  this  is  attended  to,  the  successive  diagrams  fall  exactly 
into  their  right  places  relatively  to  one  another,  and  would 
compare  properly  with  any  theoretical  expansion  curve."  This 
method  of  combining  diagrams  is  the  one  commonly  adopted 
but  has  been  criticised  as  being  inaccurate. 


NEGATIVE  WORK 


Pig.  1,182. — ^Actual  combined  diagrams  iUustratang  regulation  by  throttling  in  nonrcondensing 
compound  engine.  The  solid  black  section  shows  a  loop  of  negative  work  caused  by  too  light 
load,  the  steam  expanding  below  the  pressure  of  the  exhaust. 


The  method  is  shown  in  fig.  1,183.  Take  a  length  of  say,  12  ins.  for  the 
length  of  the  Lp,  diagram,  set  on  on  a  horizontal  une  whicn  will  serve  botih 
as  a  scale  of  volume  and  as  the  absolute  zero  line  pressure.  Reproduce 
the  l.p,  diagram  from  the  original  by  drawing  ordmates  and  laying  off 
points  to  the  new  scale.     Now  lay  c^  the  clearance  of  the  l.p.  cylinder  AS. 

At  A,  draw  the  perpendicular  OA,  or  clearance  line  giving  O,  the  point 
of  zero  volume.  The  common  scale  of  pressure  may  be  that  of  the  original 
l.p.  diagram  or  any  convenient  mtiltiple. 

To  reproduce  the  h.p.  diagram  to  the  new  scales,  set  off  the  clearance 
volume  and  piston  displacement  of  the  h.p.  cylinder  to  the  same  scale 
of  volume  as  used  for  the  l.p..  cylinder,  and  divide  the  piston  displacement 
into  ten  equal  parts.    Then  transfer  to  these  division  lines,  the  absolute 
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The  original  indicator  diagrams  should  first  be  measured  with  the  scale 
of  the  spnng  used  in  taking  the  diagram,  and  the  actual  absolute  forward 
and  back  pressures  markM  upon  them,  so  that  these  numbers  c"  "  ■" " 
transferred  at  once  to  the  combined  diagram  with  the  e  ' 


The  saturation  curve  is  transferred  from  tlie  original,  diagram  to  the 
combined  diagram  in  each  case,  by  the  method  o£    dry  steam  fraction." 

It  is  probable  that  the  saturation  curve  of  the  respective  cylinders  will 
not  coincide — that  is,  will  not  be  continuous.  This  could  only  occur  if  the 
same  wei^t  of  cudittai  steam  was  retained  in  each  'cylinder.    Generally 


SCALE  or  VOLUMES 

Fig.  1.1B3. — Comlrined  dJBgrmnw  of  B  compcumd  ensins.    In  combining  Ihe  diagramM,  they 

are  fiiat  reduced  in  length  10  relative  acsles  that  coireapond  with  the  rslative  piston  displace- 

mentfl  of  the  cylinders.    The  diA^TAma  an  then  placed  at  such  distances  from  the  clearanca 

liae  of  the  protKwed  combined  diagram  as  to  represent  correctly  the  cle&rance  in  each  cylinder. 

the  weight  of  cushion  steam  is  less  in 
therefore  the  saturation  curve  of  the  firs 
second  cylinder.  i 

Triple  Expansion  &igines. — When  the  conditions  of  opera- 
tion are  such  that  the  load  is  constant,  or  varies  but  slightly,  j 
and  there  is  condensing  water,  very  high  economy  can  be  ob-  j 
tained  from  the  triple  expansion  engine.     In  order  to  obtain  [ 
the  maximum  economy  all  the  conditions  under  which  an  engine  ; 
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of  this  type  is  to  work  must  be  fully  considered,  and  then  only 
can  the  proper  arrangements  of  cylinders  be  decided  upon. 

The  two  arrangements  in  extensive  use  for  the  cylinders  of 
triple  expansion  engines  are: 


tXHAUST 


CONDENSER 
PUMP 


Figs.  1,184  and  1,185> — Plan  and  elevation  of  three  cylinder  triple  expansion  condensing  ensne 
arranged  with  h,  p,  and  itU,  cylinder  tandem  and  I,  p,  cylinder  with  separate  crank  at  90*. 


1.  The  high  pressure  and  intermediate  cylinders  are  arranged 
tandem,  working  on  one  crank,  the  low  pressure  cylinder  working 
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on  another  crank  placed  at  right  angles  with  the  first,  as  $hown 
in  figs.  1,184  and  1,135.  With  this  arrangement  one  side  may 
still  be  nin  in  case  of  accident  to  the  other. 

2.  For  large  powers  the  low  pressure  cylinder  may  be  divided 


conoenseri 
Pump 


^  ^  ^  ^ 


I J  I  II  «»* 


CD    CZl 


Figs.  1,186  and  1,187. — Plan  and  elevation  of  four  cylinder,  trii>le  expansion,  condensing  engine. 
arraxiged  in  double  tandem:  h,  p,  and  first  /.  ^.  cylinders  in  one  pair  and  itU,  and  second 
/.  p,  cylixiders  in  another,  the  two  i>airs  operating  cranks  at  90**  as  shown. 

into  two  in  order  to  reduce  its  size,  the  arrangement  thus  being 
similar  to  a  pair  of  tandem  engines. 
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Each  l.p,  cylinder  is  bolted  to  a  frame  and  works  on  its  own  crank, 
and  has  a  h.p,  or  int,  cylinder,  as  the  case  may  be,  arranged  behind 
it  on  the  same  center  line. 

The  usual  method  of  regulation  consists  of  variable  cut  off  in  the  h.p. 
cylinder  under  control  of  the  governor,  the  cut  off  of  the  other  cylinders 
being  adjustable  by  hand  according  to  the  cylinder  ratios.    In  order  to 

M 
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1040 

^4         IL 


io^   J^ 


Figs.  1,188  and  1 .189  .—Two  combined  caxds  of  vertical  trmle  expansion  enoines  with  refaeaten 
and  jackets.  Fi«.  1,188.  Allia-Chalmers  engine  at  Mttwaukee.  Cylindeis  28,  48  and  74 
by  6  \r.p  ,m.  20.3:  indicated  horse  power  673.0;  steam  per  horse  power  hour  11 .8.  Pig.  1,189. 
Snow  engme  at  Indianapohs;  cylmders  29.  62  and  80  by  60;  r.p.m,  21.2;  indicated  hone 
power  782.9;  steam  per  horse  power  hour  11.6. 

avoid  a  drop  in  the  expansion,  a  means  is  usually  provided  for  bringing 
the  cut  off  of  the  other  cylinders  tmder  governor  control  when  necessary. 

The  following  example  from  Tribe  will  illustrate  one  method  of  figuring 
the  cylinder  diJEuneters  of  a  triple  expansion  engine. 
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linfli  AB.  CD.  EP,  ■ 

volume  in  the  k.t..  i 

that  the  l.f.  inltimt  pliu  lis  clnrance  as  measured  betmea  lbs  line*  OY  Bad  GK.  wUl  ex 
within  the  deaiivd  limits  of  the  dlairun.    4.  Lay  off  on  each  cud  the  line  of  nro  pnH.. 
DT  the  oetfect  vacuum  line,  as  shown  by  OX,  in  tbe  small  dlapam  A.   fi.  Take  Kxt  the  A.^. 
— ■ .a   r ._    ._j  _..... ,_.  _.....  __  n     .. . '-itonfta 


lid  B3  at  A.  for  cxantple,  and  select  any  point  such  aa  P.  Utamn  in  any  convenieM  nnua 
le  distances  MP  and  MN;  multiply  the  volume  of  the  crUnder  br  thefanner  asd  divide 
r  the  latter.  This  will  live  tbe  volume  swept  in  the  h^.  cylinder  from  the  betlnnlu  of 
le  stroke  to  the  point  P.     6.  The  correapondins  point  P.  t<  die  combined  dlanwn  ia  then 


Che  M .  cant  of  the  cunlilned  ae 
cnt  scales,  and  thoafon  inoce  or  i 
^  determine  tlie  other  card*  ritbea 

■membering  that  In  «  ' ' "" 

line  of  lero  presaure  foi  tlie  card  and  laid  oi  from  the , . 

Mned  set.  This  diagram  shows  the  general  manner  in  irtdch  the  atcan  ocanda  on  ita  way 
thiDUBh  the  engine.  An  expansion  line  PQ.  shows  the  aencral  law  of  CEiiuiilon  Be  B  Continu- 
ous operation.  PR.  is  an  Ideal  npansion  line  laid  doini  a>  a  hywrtKda.  all  points  In  the 
curve  coiTeapondlng  to  the  condltliin  that  the  product  of  vohmw  tqr  prtssHit  shall  be  cob- 
■taut,  or  in  symbols,  tv=am!lanl.  This  diowa  the  Teanlt  of  the (o  colled  true  hypdlxlic 
expansion  law.  and  as  aopeais  from  the  diagram,  the  bcCubI  expanaloB  line  la  suiuenliat 
below  this  ideal  line.  The  equation  to  the  actual  expuaion  Une  may  be  expreaaed  in  tb* 
form  pv''^=ionilanl.vhe7rnk  aa  exponent  havlncvBlueaoauallirtyltig  between  I.IG  and  IJI. 
The  equation  ft>>'i<niav  be  taken  as  very  commonly  representing  this  line  In  good  aoeraai 
practice.  The  extent  to  which  [he  area  bounded  by  the  line  PR,  and  the  clearance  lines  oa 
the  left  is  well  filled  in,  la  an  indication  of  the  degree  to  which  the  performaDce  of  the  actual 
engineapproacheatbatof  aneniine  havinKtruehypetboliceipailsioa,  The  relation  between 
the  actual  engine  and  such  an  ideal  case  is  usually  expressed  by  a  ptneotage  factor  known 
aa  the  "card  factor."  For  good  practice  with  triple  expansion  engines,  this  factor  will  be 
found  from  .6  to  ,T.  With  quadruple  expansion  engines  reptncutative  values  an  fonaa 
from  .55  to  .6. 
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Figs,  l.iei  ud  1.1B3.— 
DiBgrsmg  from  com- 
pound locomotiVH.   Fig. 

(two  cylinder)  conaolidi- 
tion  type;  cylinders  23 
■nd  35  by  32.  Pig. 
I.iez,  De  Glehn  cofir 
pouod  <faur  cyliiide) 
^"-— ■-   '---       In  fit- 


division  is  not  apfannt. 


..    a)  the  fa 

motive,  the  use  toward  mid-strolce  being  cairied  by  inflow  from  Ihe  otheT  h.P,  cylioder. 

NOTE.— !f<ndb»rg  FuTnplnp  Englnaal  Wlldwood,  ra.  Em.  News.  May  4,  1809.  Aqg. 

1,1900.  Tratu.  A.S.  il.E.  1S99.  The  peculiar  feature  of  this  engine  is  the  method  Died 
.heating  the  feed  water.  The  engine  is  quadruple  eipsnsian,  with  four  cylinders  and  thm 
ceivers.  There  are  five  feed  water  heaters  in  series  a,  _i,  c.  i.  >.  The  water   is    token  fiDin 


highest  temperati 


'.  260°  a 


.  162.MS.a24  ft.  Ibi.  I 
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LBS. 


100  - 


LBS. 


100 
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Figs.  l,193,and  1,194* — Combined  card  for  two  vertical  triple  expansion  pumping  engines  with 
reheater  and  jackets.  Diagrams  L,  are  from  Allis-Chamlers  engine  at  Milwaukee;  diagrams 
P,  from  Snow  engine  at  Indianapolis.  Lr,  is  a  continuation  ofl.p.  diagram  L,  and  F]t,^  a 
continuation  of  I, p.  diagram  P. 


NOTE. — Triple  expansion  pumping  engines.  Prof.  Denton  says:  "Pumping  engines  in 
the  United  States  have  been  developed  in  the  triple  expansion  fly  xvheel  type  to  a  degree  of 
economy  superior  to  that  afforded  by  any  comi>ound  mill  or  electric  engine,  and,  for  saturated 
steam,  superior  to  that  of  the  pumping  engines  of  any  other  country.  This  is  because  their 
slow  speed  permits  of  greater  benefit  from  jackets  and  reheaters  and  of  less  losses  from  wire 
drawing  and  back  pressure.  These  causes,  together  with  the  greater  sub-division  of  the  range 
of  expansion,  have  resulted  in  records  made  between  1894  and  1900  of  11.22,  11 J26  and  11.06 
lbs.  of  saturated  steam  per  i.h.p.,  with  175  lbs.  steam  pressure  and  from  25  to  33  expan- 
sions, in  the  cases  of  the  Leavitt,  Snow  and  Allis  pumping  engines,  respectively  the  corre- 
sponding heat  consumption  being  by  di£Ferent  dispositions  of  the  jacket  drainage,  204,  208  and 
212  thermal  units  per  i.h.p.  minute;  while  later  the  Allis  pump,  with  185  lbs.  steam  pressure, 
has  lowered  the  record  to  10.33  lbs.  of  saturated  steam  per  i.h.p.,  with  196  b.t.H.  per  h.p. 
minute,*' 

NOTE. — At  the  preBent  time  the  figures  given  above  for  triple  exi>ansion  pumping  engines 
do  not  represent  any  remarkable  degree  of  economy  when  compared  with  locomobile  and  uni- 
flow  engine  performance.  It  should  be  noted  that  the  load  condition  is  very  favorable  for  high 
economy  in  pumping  engines,  as  in  most  cases  the  load  is  constant,  hence  with  properly  pro- 
portioned cylinders  itdl  load  operation  is  obtained. 
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>S. — Combined  tarda  [mm  NordberH  quidnipls  eipanBOO  jjumpiin  engine,  from  test 
A.  R.  C.  Carpenter.  In  thii  Nordber^  pumping  engine,  Bteom  u  taksn  from  tba 
lion  ude  of  tliD  cycle  at  a  number  of  pointa,  and  used  Xo  neat  tbe  feed  water  by  aoc- 
:  steps.  The  water  fint  panes  tbrouih  » iurfa«  heater  in  the  exhaiut  pipe,  between 
.  cyjinder  and  the  cood^uvr;  then  it  goee  thrnish  a  seiies  of  '""^"g  beatcra,  bcinfl 
d  fTDm  each  lower  one  to  the  next  one.  in  «bi(£  there  ta  a  higher  tempenture  and 


3r  these  beaten  ii  taken  from  the  othaust  pipe,  from  the  l,i.  cylinder  at 
uuj  uic  Jiird.  tbe  Hcood.  and  the  first  receivert — the  iacket  and  rdiectar  drain 

ipeafrom  tbe  iylinderthro«ahaBDaUHi«cialvalvewhichiBap«iMdtOT  a  little  while 

nd  of  thestroke.  Then  thebailer.iDMeiid  of  beinR  obliged  to  iwat  the  feed  water  fmm 
It  lemperatnn,  receivetthiiwateratatempeiaturtiMBrtothatintbafintreGM**!. 
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Example* — ^Find  cylinder  diameter  of  a  774  horse  power  triple  expansion 
pumping  engine,  with  reheater  in  the  second  receiver  only,  toopferate  at 
155  lbs.  gauge  pressure;  6.23  lbs.  abs.  terminal  pressure,  4  lbs.  abs.  back 
pressure,  piston  §fjfeed  215  ft.  Assumed  losses*  drop  between  boiler  and 
engine  2  lbs.;  in!  lat  receiver  3  lbs.;  in  2d  receiver  J^  lb. 

165+15  —.2  =  168  lbs.  abs.     168  -5^6.23 =27  total  expansions 

V  27  =»  3  expansion  in  each  cylinder 
.  1+hyp.  log  of  3=2^6. 

High  pres^urejcylinder. 


.4brf 


1 fifty 2  noAfi 

Initisd pressure  168 lbs.,  —  «117.5  forward  mean  presstire. 

-  '  o 

,  168  ^  3  -  5^  back  pressure,  and  117.5  —  56  «  W.j^  ifcr.J?.P. 

:       '^     61j5x215   .•  -       ,  ;: 

add  area  cf  piston-  rod,  bnd  "httth  jpresBure  eyL  »  29*^  diameter. 

Iiiteniiediat*^  Cylinder.  j 

AssujDied  di^p  without  rth^ter  3  lbs. ;  initial  pressure  **  56  —  3  »;=  53  lbs. 

'     552<^l2^*=37  ^formed  mean   pressure. 
.     .53-4-3  *»  17.7  bick  j)re8sure,  and  37  — 17.7 = 19.3  M.E.P. 

..    .         .      "  3^,006X258LoAr;o.^   :„    ,«.o 
l9.3X2i5   -2>052sq.m.a^. 

add  area  of  piston  rod,  and  intermediate  cyL  ^52"  diameterm. 

'        •  •  ■..•'.  '- 

I       Low  pressure  cylinder. 

;  Assumed  drop  with  repeater  J^  lbs.;  initial  pressure  17.7  —  .5  =  17.2  lbs. 

■         17 . 2  X^ .  0086  ^  ^2  lbs,  forward  mean  pressure.        ; 

•  Asstimed  back  pressure  4  lbs.,  and  12 : —  4  =  5  lbs.  M.E.P* 

'  33,000X258  _  .  qL  '^   .     ^^^^ 

— 4: — _  ^      —  4,Uw  sq.  m.  area. 
'  8X215  '         ^ 

add  area  of  piston  rod  and  low  pressure  cyl.  ^80"  diameter* 

Quadruple  Expansion  Engines. — The  two  important  con- 
ditions for  operation  of  quadruple  expansion  engines  are: 
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CHAPTER  20 


PUMPING  ENGINES 


The  term  ptimping  engines  relates  to  large  ptunps,  as  those 
used  for  city  water  works,  in  distinction  from  stnall  pumps 
such  as  boiler  feed  pumps,  etc. 

Early  History, — ^The  history  of  the  pumping  engine  is 
virtually  the  history  of  the  steam  engine,  for  originally,  and 
for  many  years  the  only  way  in  which  the  steam  engine  was 
utilized  was  for  pumping  water  out  of  the  coal  mines  of  England. 

In  166S  Capt.  Thomas  Sevary  sectired  Letters  Patent  for  a  machine 
for  raisi&  water  by  steam.  This  engine  was  used  extensively  for  draining 
mines  and  the  water  was,  in  some  instances,  made  to  turn  a  water  wheel, 
by  whidi  lathes  and  other  machinery  were  driven.* 


•NOTE. — Capt.  Sevary's  pump  consisted  of  two  boilers,  and  two  receivers  for  the  steam 
t(^«ther  with  valves  and  the  needftil  pipes.  One  of  the  receivers  being  filled  with  steara*  its 
oommtuncation  with  the  boiler  was  then  cut  off,  and  the  steam  condensed  Sirith  ccAd.  water 
outside  of  it.-  Into  the  vacuum  thus  formed  the  atmosphere  forced  the  water,  from  below, 
wlien  the  steam  was  again  caused  to  press  upon  the  water  and  drive  it  still  higher. 

NOTE. — ^In  1641  a  Florentine  pump  maker  constructed  an  atmospheric  or  "sucking" 
jKOxapj  and  tried  to  raise  water  to  a  height  of  50  or  60  feet.  The  attempt  proving  a  failure, 
though  an  examination  showed  the  pump  to  be  perfect,  the  difficulty  was  siibmitted  to  Galileo, 
a  native  of  Florence.  The  action  oi  such  pumps  was  in  those  days  explained  on  the  principle 
that  nature  "abhorred  a  vacuum,'*  and  by  some  occult  means  tried  to  prevent  such  bemg 
formed;  of 'to  fill  it,  if  formed,  with  whatever  was  most  convenient.  The  limit  of  this  occult 
power  was  not  surmised,  and  Galileo,  then  an  old  man  of'  80,  did  nothing  more  to  solve  the 
difficulty  than  to  state  that  this  law  was  "limited,  and  ceased  to  operate  for  heights  above  32 
or  33  feet."  Torricelli,  in  1643,  announced  his  great  discovery  that  water  is  raised  in  pumps 
by  the  pressure  of  the  air,  and  by  refined  exi>eriments  he  determined  the  intensity  of  that 
pressure.  Pascal,  shortly  afterwards,  silenced  objectors  to  the  new  law  by  showing  that  the 
height  of  the  barometric  column  was,  in  accordance  with  Torricelli's  discovery,  less  at  the 
top  of  a  mountain  than  at  its  base. 
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In  1705,  Tbomas  Newcomen,  with  his  associates,  patented  an  ermine 
which  combined,  for  the  first  time,  the  t^linder,  piston,  and  separate 
boiler.  This  soon  became  extensively_  used  for  draining  mines  and  col- 
lieries, and  the  engines  grew  to  be  of  ^gantic  size,  with  cylinders  flO  inches 
or  more  in  diameter,  and  other  parts  in  proportion. 

This  engine  was,  in  course  of  years,  used  in  connection  with  the  Cornish 
Pump,  whose  performance  in  raising  water  from  mines  came  to  be  a  matter 
of  the  nicest  scientific  investigation,  and  adopted  as  the  standard  iot  the 
duty  or  work,  by  which  to  compare  the  multitudinous  experimental 
machines  introduced  from  the  time  of  Watt  and  to  that  of  Corliss. 


Hydraulics. — Preliminary  to  the  consideration  of  pumping 
engines  it  is  essential  that  the  reader  be  familiar  with  a  few 
principles  of  hydraulics  as  here  presented: 

The  term  hydraulics  is  commonly,  though  iU  advisedly, 
defined  as  the  science  which  treats  of  liquids,  especially  water  in 
motion.  Properly  speaking  there  are  two  general  diviaoos 
of  the  subject: 

1.  Hydrostatics; 

2.  Hydrodynamics 
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D«rt  at  B.iiioppoaitedkectiona,isi]iopoiiioii&l  to  its  depth  b«j<3w  thoiuiface 
Thenftm.thendepUumuit  be  equal,  that  is,  the  height  of  the  two  ™lumnami 
in  order  that  the  fluid  *t  B.  may  ba  at  nst.     Unless  Uiis  put  be  at  lest.  the  01 


tbajx  ^e  hflighta  of  the  reapectivB  coliu 
to  any  degree  la  quimtity.  ihape,  or  inclii 
vary  diversely  in  ihape  ttal  capacity,  as 
-vnter  be  poured  into  any  one  q4  them,  ii 
reaKm  of  this  fact  will  ba  further  undeist 

much  greater  in  the  Bmallor  than  in  the  ] 

ducta  or  Tunning  in  natmsl  channels,  w 


Lect«d  with  B  reservoi 

ion  of  the  principle  oi 
when  in  inDtiDn,  will 


place  wl 

undnlstioni  ot  t 
than  the  apiiiig. 
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Water. — Those  who  have  had  experience  in  the  design  or 
operation  of  pumps,  have  found  that  water  is  an  unyielding 
substance  when  confined  in  pipes  and  pump  passages,  thus 
necessitating  very  substantial  construction  to  withstand  the 
pressure,  and  periodic  shocks  or  water  hammer. 

Ques.  What  is  the  most  remarkahle  characteristic 
of  water? 


k^v^ 


wurlai 


a;lla>kd< 


■r  Under  rnuutt.    If  aa  orifice  in 

r  it  be  shorln  thii  will  simply  dropox ^ ._ ^ 

a.  CDnfflderable  deptb  of  liquid  baLbovo,  itaEravity  « 

ta  base,  or  OH  that  li<]iiid  which  is  near  it ; » th&t.  if  kpl 

'    "le  base,  the  liquid  atarUnt  ones  Into  npidm  " 


_.._,.._.     ...  tyofO.     But 
duced  &  corresi>oiid!iig  pressure  or 

be  removed  from  an  orifice  in  or  close  to  the  base ,  the  liquidatsrUtitonca  into  rapid  ni 
EachjiaiticlaofajetAiBniingfiQmtbeaidBOf  a  TCMct  Pig.  1,300,  moves  boriK>atallrwi__, 
velocity  above  menCiDned.  bmlitiiat  onct  drawn  iommitd  by  SuJtfU  (^  iratily.  deecrib- 
iog  a  parabola  in  the  aame  manner  ai  a  bullet  Sred  from  a  euo.  witn  ita  ana  itonMntaL  If 
the  water  iasuethiough  oHRces  which  ore  amaU  in  comparieon  with  the  contenta  ol  the  veasel. 
the  jets  fioin  orificea  at  diRertnt  depths  below  the  surf aea  take  diffsteot  tonus,  as  shown  *t 
D.  «uaR(flva/.KAiH.— IfthebotComof  aveaielcDntaininawatarbethin.andtheOTJfice 
be  a  amall  (drcle  whoaa  area  U  A  (see  %.  1.201)  where  AB  represents  an  oiifica  in  the 


eter^'^B  orificeithispirtofth^ieti! 
oftubxton  thm  Quantity  of  aolux 

^*rture,  the  amount  of  the  flow  is 


rest.     Those  that  isiuo : 
ireottons  PQ.  PQ. 

es  the  f  on 

KtadisU 


It  of' Xi^^wuel 


lof  a 


wacylin- 


srarnfl 


The  contraction  of  tl 


eontractedvein.   inMuaittt 

a  cylindrical  or  conical  eSui  tab*  is  fitted  to  the 
__  .  .iderably  increased.  A  short  tube,  whoso  length 
diameter,  has  been  found  to  Incresie  the  actual  afflui  per 
.he  theoretical.  In  this  case,  the  water,  on  enteriiw  tl»  tube. 
,202.  just  as  it  would  da  on  issuing  freely  into  the  air.  but 
cause  of  the  sdlie«ion  of  the  water  to  the  interior  nmscv 
ie  tube,  a  section  Erealei  Una  that  of  the  contracted  vein. 
Jiin  the  tube  shown  in  block  in  the  fiiure.  cauaea  a  partial 
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Ans.  Water  at  its  iftaximum  density  (39.1''  Pahr.)  will  ex- 
pand as  heat  is  added,  and  it  will  also  expand  slightly  as  the 
temperature  falls  from  this  point. 

Fot  ordinary  calculations  the  weight  of  1  cu.  ft.  of  water  is  taken  at 
62.4  lbs.,  which  is  correct  when  its  temperature  is  53®  Pahr. 

The  figure^.5  usually  given  is  approximate.  The  highest  authoritative 
figure  IS  62.^.  At  62°  Fahr.,  the  figures  range  from  62.291  to  62.36.  The 
figure  62.355  is  generally  accepted  as  the  most  accurate. 

The  weight  of  a  U.  S.  gallon  of  water,  or  231  cu.  ins.  is  roughly  BH  lbs. 


Figs.  1.203  to  1,208.— Iffciraullc  Principle*:  1,  The  siphon.  This  device  consists  of  a 
bent  pii)e  or  tiibe  with  legs  of  unequal  length,  used  for  drawing  liquid  out  of  a  vessel  by 
causing  it  to  rise  in  the  tube  over  the  rim  or  top.  For  this  xnxrpose  the  shorter  leg  is  inserted 
in  the  liquid,  and  the  air  is  exhausted  by  being  drawn  throu^  the  loncer  leg.  The  liquid 
then  rises  by  the  pressure ,of  the  atmosphere  and  fills  the  tube  and  the  now  be^nns  from  the 
lower  end.  The  general  method  of  use  is  to  fill  the  tube  in  the  first  place  wiui  the  liquid, 
and  thm,  stopping  the  mouth  of  tiie  longer  leg,  to  insert  the  i^rter  leg  in  the  vessel;  upon 
vemoval  of  the  stop,  the  liquid  will  immediately  begin  to  run.  The  flow  dei>ends  upon  the 
difference  in  verticid  height  of  the  two  columns  of  the  liquids,  measured  respectively  from 
the  bend  of  the  tube,  to  the  level  of  the  water  in  the  vessel  and  to  the  open  end  of  the  tube. 
The  flow  ceases  as  soon  as,  by  the  lowering  of  the  level  in  the  vessel,  these  columns  become 
of  equal  height  or  when  this  level  descends  to  the  end  of  the  shorter  leg.  The  atmospheric 
pressure  is  essential  to  the  sui>port  of  the  column  of  liquid  from  the  vessel  up  to  the  top 
of  the  bend  of  the  tube,  and  this  height  is  consequently  limited:  at  sea  height  the  maximum 
height  is  a  Uttle  less  than  34  feet  for  water,  but  this  vanes  according  to  the  density  o/  ihe  fluid. 


Head  and  Pressure. — These  are  the  two  primary  considera- 
tions in  hydraulics.  The  word  head  signifies  the  difference  in 
level  of  water  between  two  points,  and  it  is  usually  expressed  in  feet. 

There  are  two  kinds  of  head: 

1.  Static  head; 

2.  Dynamic  head. 
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The  dynamic  head  is  an  equivalent  or  virtual  head  of  water  in  motion 
which  represents  the  resultant  pressure  due  to  the  height  of  the  water  from 
a  given  point,  and  the  resistance  to  flow  due  to  friction. 

Thus,  when  water  is  made  to  flow  through  pipes  or  nozzles  there  is 
a  loss  of  head.  These  terms  are  illustrated  in  fig.  1,209.  Here  the  dynamic 
head  is  greater  than  the  static  head  in  the  supply  hne  to  the  tank,  and 
less  in  the  tank  discharge  line  because  of  fricttonal  resistance  to  the  flow 


Fig.  1,209. — Vim  of  elevsUd  tank  with  pump  in  operation  nuintainins  the  sapplr  whk 
beins  drawn  upon  as  ahown,  illustntuig  the  teTma  static  lift,  dynamic  lift,  BtatK  head, 
dyn^nic  bead. 

of  the  water.     In  ordinary  calculations,  it  is  common  practict   ._ 

that  every  foot  head  is  equal  to  one-half  pound  pressure  per  sq.  in. 
this  allows  for  ordinary  friction  in  pipes. 

Ques.    In  pump  operation  what  Is  the  total  static 
head? 

Ans.    The  static  lift  plus  the  static  head. 
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Ques.    What  is  the  total  dynamic  head? 

Ans.    The  djmamic  lift  plus  the  dynamic  head. 

Lift. — ^When  the  barometer  reads  30  inches  at  sea  level,  the 
pressure  of  the  atmosphere  at  that  elevation  is  14.74  lbs.  per 
sq.  in.,  that  is  to  say,  this  pressure  will  maintain  or  balance  a 


TOTM,  weiGHTOM  PLUNGER 
101.790  LBS. 

'—WATER  PRtSSURt  100  LBS 

Fig.  1,210. — Hydraulic  principles:  J.  Any  quantity  of  water  however  small  may  be  made 
to  balance  any  weight  however  great.  The  figure  shows  a  locomotive  on  a  turn  table 
balanced  by  a  hydraulic  pivot  or  pltmger.  Assuming  no  leakage  or  friction  at  the  joint, 
and  that  the  vertical  pipe  leading  to  the  plunger  cylinder  is  very  small,  it  is  evident  that 
it  could  be  filled  to  the  elevation  ahown  wiui  a  very  small  quantity  of  water — say  one  quart. 
If  the  total  weight  of  locomotive,  turn  table,  etc.,  and  the  plunger  be  101,709  lbs.,  and  the 

g lunger  area  be  1,017.9  sq.  ins.,  then  the  water  pressure  per  sq.  in.  on  the  piston  necessary  to 
alance  the  load  «■  101,796  •«•  1,017.0  «■  100  lbs.    Hence  the  load  will  be  balanced  when  the 
pipe  is  filled  with  water  to  a  height  of  100X2.31  "231  ft. 

column  of  water  34.042  ft.  high  when  the  column  is  completely 
exhausted  of  air^  and  the  water  is  at  a  temperature  of  62*^  Fahr. 
In  other  words,  the  pressure  of  the  atmosphere  then  lifts  the 
-water  to  such  height  as  will  establish  equilibrium  between  the 
weight  of  the  water  and  the  pressure  of  the  air.    Similarly  in 
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pump  operation,  the  receding  piston  or  plunger  establishes  the 
vacuum  and  the  pressure  of  the  atmosphere  lifts  the  water  from 
the  level  of  the  supply  to  the  level  of  the  pump.  Accordingly 
lift  as  related  to  pump  operation  may  be  defined  as  ike  height 
in  feet  from  ike  surface  of  the  intake  supply  to  the  pump. 

Strictly  speaking,  it  is  the  height  to  which  the  water  is  elevated  bj 
atmospheric  pmsure,  which  in  some  pumps  may  be  measured  by  the 
elevation  of  the  inlet  valves,  and  in  others  by  the  devattoa  of  the  piston. 

Fig.  IMl.—BtlfMti/aJtt. 

— If  a  jtt,  inoiiw  (rom  tu 
orifice  in  a  TirticwdiRctkni 
hkn  tlu  MmiB  vekKaty  u> 
body  wDuld  luva  which  tell 
from  the  nirfua  of  tbo 
liquid  to  thatoriJice.the  jet 
ought  to  n*s  to  thi  level  of 
the  liquid.  It  doaa  not. 
however,  reach  this;  for  tin 
perticlea  which  fell  hinder 
It.  But  by  incliniriH  the  iet 
■t  ■  imaQ  engle  with  ihe 
vertical  it  reaches  about 
nine-tenthi  of  the  theoreti- 
cal height,  the  diSemce 
being  due  to  friction  uid 
to  the  reaiitance  of  the  ■It.  Tlu  tmimlilia  of  hIit  mkkli  iitni  from  orijUa  of  diftrtnt  orM) 
are  very  narly  proporiiotuU  to  Uu  riu  tif  tJu  orifie4,  provided  the  level  renuin  conetuit.  mud 
thii  ii  true  iireepective  of  the  form  of  the  oi>emng  which  may  b«  raaod,  iqtMn,  or  laj 
other  ihape. 

Ques.    What  la  the  practical  limit  of  Uft? 
Ans.    20  to  25  feet. 


depondsupon:  1,  theAeod.thatii, ..  . 

the  chamber  at  the  Bncrance  end  <d  the  pipe  and  the  level  of  the  center  of  the  diacharge  er 
the  pipe;  3,  the  length  of  the  pipe;  S.  the  character  of  iti  interior  auiface  at  to  amouui- 
nen.  and  t,  the  number  and  ^upneM  of  the  banda.  but  la  indeoendart  of  the  poaitioD  of 
the  pipe,  aefaoriiontal.  or  inclined  upward  or  downward.  Tin  bead,  matead  of  being  an  actual 
dHtanc«  between  levebi,  may  be  cauied  by  prcuure,  aa  by  a  pump,  in  ediich  caae  the  bead  ii 
calculated  ai  a  vertical  diiUnea  oomepondina  to  tile  pn«an.  1  lb.  perKi.  iii.~2.30Bft.  head. 


perai.  in.    The  totalbead  operating  to  caOM  flowudfrided  nUn  (Area 
fiMif,  which  iithaheight  through,  which  a  br'  -         


Wr*i.- 1,  tA*  Mioell*  fuMif,  which  ii  the  height  througfawUch  a  body 

aoquire  the  velodty  with  which  the  water  flowa  into  the  pipe  —id  -t-Df  ,ra  wliid)  *  ii  the  Telocity 
in  ft.  per  lec.  and  se -M.32: 2.  (A*  «nlrv  fteiul  nouired  to  overcome  the  iBiirtBiice  to  entrance 
to  the  pipe.  With  sharp  edged  entrance,  the  eMpyJi«if~i>io»>  ^ifA^edoiAy  And;  with  Bnools 
rounded  entrance,  the  entry  head  ia  inappreciabiB;  3,  Ihm  frlcHon  Aaail,  due  to  the  frictjonal 
reaiatance  to  flow  within  the  pipe.  In  ordinary  caaea  of  pipe  of  con«idef«>le  length  the  nun  rt 
the  entry  and  velocity  headtrequindacarcelyexceedB  one  foot.  In  the  can  of  king  pipes  with 
low  head*,  the  sum  of  the  velod^  and  entry  beads  i>  genfrally  ■>  trntU  that  it  may  be  oBglected. 
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Ques.    Why  must  the  lift  be  reduced  as  the  tempera- 
ture of  the  water  is  increased? 

Ans.    Because  the  boiling  point  of  water  corresponds  to  the 
pressure. 

Theoretically  a  perfect  pumj)  will  draw  water  from  a  hdght  of  34  ft, 
when  the  barometer  reads  30  ins.,  but  since  a  perfect  vacuum  cannot 
be  obtained  on  account  of  valve  leakage,  air  contained  in  the  water  ond 
the  vapor  of  the  water  itself  ,  the  actual  height  is  generally  less  than  30  feet  • 
and  for  warm  or  hot  water  considerably  less. 


Fig.  1.212. — Hydraulic  principle*:  4,  The  pressure  exerted  by  a  liauid  on  a  surface  is  pro- 
portional to  the  area  of  the  surface.  Two  cylinders  of  difTerent  diameter  are  joined, by  a 
tube  and  filled  with  water.  On  the  surface  of  the  two  pistons  M  and  S.  which  hermetically 
close  the  cylinders,  but  move  without  friction.  Let  the  area  of  the  large  piston  M  be,  say 
thirty  times  that  <^  the  smaller  one  S.  and  let  a  weight,  say  of  two  pounds,  be  placed  uixm 
the  small  jpistotu  The  pressure  will  be  transmitted  to  the  waterand  to  the  large  piston, 
and  as  this  pressure  amounts  to  two  pounds  in  each  portion  of  its  surface  equal  t6  that 
of  the  snaall  piston,  the  large  piston  must  be  exposed  to  an  upwar4  pressure  thirty  times 
as  much,  or  6b  lbs.  If  now  a  00  lb.  weight  be  placed  upon  the  large  piston,  both  pistons  will 
temain  in  equilibrium,  but  if  the  weight  be  greater  or  less,  the  equilibrium  will  be  destroyed. 


When  the  water  is  warm,  the  height  to  which  it  can  be  lifted  decreases, 
on  account  of  the  increased  pressure  of  the  vapor.  That  is  to  say,  for 
^lustration,  a  boiler  feed  pump  taking  water  at  say  153®  Fahr.,  could 
not  produce  a  vacuum  greater  than  21,78  ins,»  because  at  that  point 
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t][ie  water  would  begin  to  boil  and  fill  the  pump  chamber  with  steam. 
Accordingly,  the  theoretical  lift  corresponding  would  be 

21  78 
34  X  -rjr— —24.68  ft.  approximately. 

The  result  is  approximate  becaxise  no  correction  has  been  made  for 
the  34  whic^  represents  a  34  foot  column  of  water  at  62'';  of  course,  at 


Pigs.  1,213  and  1.214. — Hwdraulie  privkciplm:  6.  The  pressure  upon  any  parlide  of  a  fiuid 
of  uniform  density  is  proportional  to  its  depth  below  the  surface.  Exarrtple  1.  Let  the 
column  of  fluid  ABCu,  fiff.  1,213,  be  pexpendicular  to  the  horizon.  Take  aay  points. 
X  Md  Y,  at  different  deptiis,  and  oonoetve  the  coltimn  to  be  divided  into  a  ntimber  d 
equal  space  by  horizontalplanes.  Then,  since  the  density  of  the  fluid  is  unifonn  through- 
out, the  pressure  upon  X  and  T,  respectively,  must  be  in  proportion  to  the  number  of 
equal  space  above  them,  and  consequently  in  proportion  to  their  depths.  Sxamg^m  1. 
Let  the  column  be  of  the  same  perpendicular  height  as  before,  but  inclined  as  is  fig.  1^14; 
then  its  quantity,  and  of  course  its  weight,  is  increased  in  the  same  ratio  as  its  lengui  ex- 
ceeds  its  height;  but  since  the  column  is  partly  supported  by  the  plane,  like  any  other 
heavy  body,  the  force  of  gravitjr  acting  upon  it  is  dtminished  on  this  account  in  tiie  same 

ratio  as  its  length  exceeds  its  height;  therefore  as  much  as  the  pressure  on  the  base  would 

be  aug ^— «^-  ^*--  • ^  r_^_^»-  -*  ^■L. 1 ..._^ 1-  t..  i^  « J,  «_     ^.-_ 

'-.action 

portioned  ^    . ^    ., 

will  be  the  same  as  that  of  the  perpendicular  column  ABCD. 

153**  the  length  of  such  column  would  be  slightly  increased. 

It  should  be  noted  that  the  figure  24.68  ft.  is  the  approximate  theoreti- 
oal  lift  for  water  at  153**;  the  practical  lift  would  be  considerably  less. 
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The  following  table  shows  the  theoretical  marimttm  lift  for  different 
temperatures^  leakage  not  considered. 

Theoretical  Lift  for  Various  Temperatures 


Absolute 

Vacutun 

Absolute 

Vacuum 

xcnxp* 

pressuro 

in 

Lift 

Temp. 

pressure 

m 

Lift 

Fahr. 

ofyapor 

inches 

in 

Fahr. 

of  vapor 

inches 

m 

Ibs.^ 

of 

feet 

lbs.  j;>er 

of 

feet 

■q.  ins. 

mercuxy 

, 

sq.  ins. 

mercury 

102.1 

1 

27.88 

31.6 

182.9 

8 

13.63 

15.4 

126.3 

2 

25.85 

«.3 

188.3 

9 

11.6 

13.1 

141.6 

8 

23.83 

27 

193.2 

10 

9.56 

10.8 

153.1 

4 

21.78 

24.7 

197.8 

11 

7.52 

8.5 

162.3 

5 

19.74 

22.3 

202 

12 

5.49 

6.2 

170.1 

6 

17.70 

20 

205.9 

13 

3.45 

3.9 

176.9 

7 

16.67 

17.7 

209.6 

14 

1.41 

1.6 

Elementary  Pumps. — There  are  three  elements  necessary 
for  the  operation  of  a  pump: 

1.  Inlet  or  suction  valve; 

2.  Piston  or  plunger; 

3.  Discharge  valve. 

Simple  pumps  may  be  divided  into  two  classes: 

1.  Lift  pumps; 

2.  Force  ptunps. 

A  lift  pump  is  one  which  does  not  elevate  the  water  higher  than  the 
Hft;  a  force  pump  operates  against  both  lift  and  head. 


Lift  Pumps. — ^Figs.  1,215  to  1,217  show  the  essentials  and 
working  principle  of  a  simple  lift  pump. 

In  conatruction  there  are  two  valves  in  this  type  of  pump,  which 
are  known  as  the  foot  valve  and  the  bucket  valve,  in  operation 
during  the  up  stroke  the  bucket  valve  is  closed  and  foot  valve  open, 
alkmmg  the  atmosphere  to  force  the  water  into  the  cylinder. 

When  the  piston  begins  to  desoead,  the  foot  valve  closes  and  bucket 
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parison   I.    

head  against 
which  a  force 
pumi>  works 
that  it  is  not 
ordinarily  con- 
i       sidered. 

Force 
i  pumps.— The 
^  essential  fea- 
I   ture  of  a  force 
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pump  which  distinguishes  it  from  a  lift  pump  is  that  the  cylinder 
is  always  closed,  whereas  in  a  lift  pump  it  is  alternately  closed 
and  open  when  the  piston  is  respectively  at  the  upper  and 
lower  ends  of  its  stroke. 

As  shown  ia  figs.  1,218  t( 


In  operation,  duringthe  up  stroke,  atmospheric  pressure  forces  nater 
into  the  cylinder  as  in  ng.  1,218;  during  the  down  stroke  this  water  is 
transferred  from  the  lower  to  the  upper  side  of  the  piston  as  in  fig.  1,219; 
during  the  next  up  stroke,  the  piston  forces  the  water  out  of  the  cylinder 
through  the  head  valve  which  ckises  when  the  piston  reaches  the  end 
of  the  stroke  and  the  cycle  is  repeated.  The  positions  of  the  valve  are 
shown  in  the  cuts. 

A  simple  form  of  force  pump,  is  one  known  as  a  single  acting  plunger 
pump,  a  type  exten^vely  used,  its  cycle  of  operation  being  shown  in 
ngs.  1,221  and  1,222.  The  figures  show  the  distinguishing  features,  such 
as  closed  cylinder,  plunger,  and  only  two  valves. 
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In  operation  during  the  up  stroke  water  GUs  the  cylinder,  inlet  valve 
opens,  and  outlet  valve  closes,  as  shown  in  fig.  1,22J  During  the  down 
stroke,  the  plunger  "displaces"  the  water  in  the  barrel,  forcing  it  through 
the  discharge  valve  against  the  pressure  due  to  the  head. 

Ques.    What  is  the  difference  between  a  piston  and  a 
plunger? 

Arts.     A  piston  is  shorter  than  the  stroke,  whereas  a  planner 
is  longer  than  the  stroke. 


by 
Double  Acting  Force  Pump. — By  fitting  a  set  of  inlet  and 
outlet  valve  at  each  end  of  a  pump  cylinder  it  is  rendered  double 
actll^,  that  is,  a  cylinder  full  of  water  is  pumped  each  stroke 
instead  of  every  other  stroke. 

With  tbis  arrangement  the  piston  need  have  approximately  Only 
bali  the  area  of  the  single  acting  piston  for  equal  displacement,  and 
accordingly  the  mairimum  stresses  brought  on  the  reciprocating  parts 
are  reduced  approximately  one-half,  thus  permitting  lighter  and  more 
onnpact  construction. 
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In  the  double  acting  ptimp  there  are  no  bucket  valves,  a  solid  piston 
being  used.  The  essential  features  and  operation  are  plainly  shown  in 
figs.  4,259  and  4,260.  There  are  two  inlet  valves  A,  B,  and  two  discharge 
valves  C,  D,  the  cylinder  being  closed  and  provided  with  a  piston. 

,  » 

In  operation,  during  the  down  stroke,  water  follows  the  upper  face  of 
the  piston  through  valve  A.  At  the  same  time  the  previous  charge  is 
forcal  out  of  the  cylinder  through  valve  D,  by  the  lower  face  of  the  piston. 
During  these  simmtaneous  operations,  valves  A  and  D,  remain  open,  and 
B  and  C,  closed,  as  in  fig.  4,259. 

During  the  up  stroke,  water  follows  the  lower  face  c^  the  piston  through 
valv^  B.  At  the  same  time,  the  previous  charge  is  forced  out  of  the  cylin^ 
through  valve  C,  by  the  upper  face  of  the  piston.  During  these  simul-' 
taneous  operations,  valves  B»  and  C,  remain  open,  and  A,  and  D,  closed. 

Classification  of  Pumping  Engines. — ^The  numerous  and 
varied  conditions  of  service  have  resulted  in  the  manufacture  of 
several  types  of  pumping  engine  of  widely  different  construction. 

ft 

All  pumps  may  be  divided  into  two  classes:  1.  Reciprocating; 
2.  rotary;  and  with  respect  to  service,  construction,  etc.,  they 
may  be  classified  in  several  ways: 

1.  With  respect  to  the  cycle  of  operation  at  the  water  end, 
as 

a.  Single  acting; 

b.  Double  acting. 

2.  With  respect  to  the  construction  of  the  water  end,  as 

a.  Plunger; 

b.  Piston; 

c.  Inside  packed;  i 

d.  Outside  packed.  ^ 


3.  With  respect  to  the  steam  features,  as 

a.  Compound; 

b.  Triple  expansion; 

c.  Quadruple  expansion. 
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4.  With  respect  to  general  construction,  as 

a.  Single; 

b.  Duplex; 

c.  Horizontal; 

d.  Vertical; 

e.  Direct  acting; 

/.  Ply  wheel  {^^-l§S?S:i. 

CEonditions  of  Operation. — ^Water,  as  before  stated,  !s 
an  unyielding  mass,  and  its  behavior  in  passing  through  the 
water  end  of  the  pump  is  quite  different  from  that  of  the  steam 
at  the  other  end.  Accordingly  severe  strains  in  the  natiure  of 
shocks  are  brought  on  the  parts  through  which  the  water  tra- 
verses, and  the  construction  must  be  very  substantial  to  resist 
this  action. 

Water,  being  a  heavy  body,  has  considerable  inertia;  this,  together  with 
the  intermittent  action  of  the  pxxmp  necessarily  limits  the  speed  of  the 
piston  or  plunger,  resulting  in  a  machine  of  considerable  size  in  comparison 
with  a  steam  engine  of  equal  horse  power. 

In  practice,  the  speed  of  a  pump  is  only  about  one-quarter  that  of  a 
steam  engine,  hence  large  steam  cyhnders  are  required  for  a  given  capacity 
at  the  water  end.  An  excess  of  surface,  then,  is  exposed  to  radiation,  and 
owing  to  the  slow  piston  movement,  and  laige  size,  there  is  more  chance 
for  l^Ucage  of  steam.  These  are  not  conditions  conducive  to  economy,  yet 
the  ptmiping  engine  has  at  times  held  world  records  for  economical  steam 
consumption.  The  reason  for  this  is  because,  in  many  installations,  the  load 
is  constant,  whereas  with  other  classes  of  engines,  the  best  results  are  not 
obtainable,  owing  to  the  necessity  of  proportioning  the  engine  to  meet 
the  requirements  of  a  variable  load. 

On  account  of  the  constant  load  the  cylinders  of  a  pumping  engine  may 
be  so  proportioned,  and  the  steam  distribution  adjusted,  that  zne  maximum 
economy  that  can  be  obtained  within  the  limits  of  the  working  pressure  is 
secured.* 


•NOTE. — ^The  importance  of  properly  proportioning  an  engine  to  the  work  it  baa  to  do 
is  emphasized  by  the  high  economy  of  the  pumping  engine  notwithstanding  its  slow  piston 
speed.  Accordu^  to  tests  of  Profs.  Deuton  and  Jacobus  on  a  17  X  30  fixed  cut  oflf  non-con- 
densing engine,  the  loss  in  economy  for  about  one-fourth  cut  off  is  at  the  rate  of  one-twelftii  lb. 
of  water  per  horse  power  for  each  decrease  of  a  revolution  per  minute  from  86  to  26  revolutions* 
and  at  the  rate  of  five-eighths  lb.  of  water  below  26  revolutions 
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Reciprocating  Pumps. — ^The  large  variety  of  pump  repre- 
sented tinder  this  heading  are  used  for  almost  every  condition 
of  service.  They  are  either  single  or  double  acting,  single  or 
multi-cylinder,  vertical  or  horizontal,  piston  or  plunger,  etc., 
as  may  be  best  suited  to  any  particular  condition  of  service. 

The  principles  of  operation  have  been  given  under  elementary 
pumps,  and  the  accompanying  cuts  illustrate  the  trend  of 
design  and  construction . 


Pig.  1,225. — Double  acting  piston  water  end.  showing  sectional  view  of  piston,  cylinder, 
stuffing  box,  valves,  and  water  passages.  The  lower  row  of  valve  are  the  inlet  valves,  and 
the  upper  row  the  discharge  valves. 

Water  Ends. — ^There  are,  properly  speaking,  foiu*  kinds  of 
--  water  end  to  power  pumps: 

1.  A  piston  packed  with  fibrous  material  within  the  cylinder,  as  shown 
in  fig.  1,225.  The  letter  P  in  fig.  1,226  and  the  following  cuts  indicates 
the  plunger. 

2.  Inside  packed  plunger,  with  a  stuffing  box  used  for  heavy  pressures 
in  hydraulic  apparatus,  or  as  shown  in  fig.  1,226  for  larger  plungers. 
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S.  A  single  acting  outdde  packed  plunger  as  in  fig.  1,227. 

4.  Two  plungers,  fig.  1,228,  connected  outside  of  the  cylinder  with 
a  stuffing  box  in  two  cylinder  heads,  through  which  the  plungers  work. 

The  construction  of  the  water  ends  of  single  cylinder  and  duplra 
pomps  is  practically  the  same;  anj^  Bli|^t  differences  which  may  be  found 
are  confined  to  nunor  details  which  in  no  way  aSect  the  general  de- 
sign or  operation  of  the  pump. 

Pump  Valves. — ^The  valve  apparatus  is  perhaps  the  most 
important  part  of  any  form  of  pump  and  its  design  has  a  material 
bearing  upon  its  efficiency. 


The  valves  shown  in  tig.  1,226  are  carried  by  two  plates  or  decks,  the 
suction  valves  being  attached  to  the  lower  plate  and  the  delivery  valves 
to  the  upper  one.  The  upper  deck,  and  sometimes  both  decks,  are  re- 
movable. 

The  valves  are  secured  to  the  seats  by  means  of  bolts  or  long  screws, 
which,  in  turn,  are  screwed  into  the  seat,  as  shown  in  figs.  1,229  and 
1,231  or  capped  as  in  &g.  1,232. 
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Pio.  1.227.-~Siflff1e  aetififf  osteidA  padsefl 
plun^r  pump.    In  ean&truetion,  tha 

moving  |>art  consists  of  the  plunger  AB 
working  in  the  stuffing  box  ICL.  There 
are  two  valves  or  sets  of  valve,  P  and 
E.  The  stuffing  box  KL  being  on  the 
outside  can  be  kept  in  perfect  adjust- 
snent.  and  with  proper  design,  the 
suction  and  disdiarge  valves  may  be 
fMmined  by  the  simple  removal  o£  a 
bonnet.  ,The  strong  pdints  of  this 
pump  are  its  simplicity,  and  the  ready 
accessibiUty  for  exammation  and  ad* 
justment  of  all  parts  on  which  Use 
operation  of  the  pump  may  depend. 


Pio.  1.228.— Double  acting  outside  packed  plunger  water  end.  These  plungers  are  conMcted 
by  yokes  and  outside  rods,  the  yokes  and  a  portion  of  the  rods  beint  shown  m  the  figure. 
The  construction  is  virtually  a  combination  of  two  single  acting  pltuiger  pumps  so  con- 
nected as  to  give  the  equivalent  of  a  double  acting  pump  cycle. 
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The  valves  in  all  pumps  except  the  large  dzes,  which  may  properly 
be  classed  with  pumping  engines,  are  of  the  flat  rubber  disc  type,  mth  a 
hole  in  the  center  to  enable  the  valve  to  rise  easily  on  the  bolt,  the 
Utter  serving  as  a  guide. 

A  conical  spring  is  employed  to  hold  the  valve  finnly  to  its  seat,  the 
spring  being  held  in  positi<Hi  by  the  head  of  the  bolt,  or  cap,  as  shown. 

Certain  in^)rovements  in  pump  valves  have  been  made  which  tend 
to  increase  the  durability  and  to  prevent  the  liabiUty  of  sticking,  which 
is  not  an  uncommon  occurrence  after  the  valves  have  become  badly 
worn.  The  improved  forms  of  pump  valve  are  shown  in  figs.  1,231 
and  1,232.  When  these  valves  leak,  through  wear,  the  disc  may  be 
reversed,  using  the  upper  side  of  the  disc  next  to  the  valve  seat.    Tiaa 


I  1,233.— Vtrloiu  dataili  of  pump  vbIvi  coutnieticn. 


Valve  seats  are  generally  pressed  into  the  plates,  althou 

may  be  found  where  they  are  screwed.  When  pressed  in  tney  may  be 
withdrawn  by  substituting  a  bolt  having  longer  length  of  screw  thread 
than  the  r^ular  bolt,  ana  provided  with  a  nut  and  yoke,  as  shown  in 
fig,  1,233.  The  bolt  is  slipped  through  a  yoke  and  screwed  into  the  seat. 
By  fuming  the  nut  the  seat  can  generally  be  started  without  difficulty. 

Pig.  1,234  represents  the  customary  giinrf  and  stuffing  box,  in  whidi 
the  gland  is  adjusted  by  the  nuts  C  and  D  upon  two  studs.    After  tlie 
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e  tightened  which  leaves 

It  has  been  proven  by  practice,  after  long  and  costly  experiments,  that 
a  number  of  small  valves  instead  of  one  large  valve  are  more  durable.    ' 
Worthington,  Dunham,  Leavitt,  Holly  and  other  leading  pump  ei^ineers 
had  occasion  to  tind  the  truth  of  this  statement  early  in  their  careers. 

H.  P.  Dunham  confines  his  practice  to  four,  or  four  and  one-half  inch 
valves  in  all  cases  except  for  pumps  of  very  small  capadty;  the  author 
considers  this  good  practice,  as  larger  valves  involve  too  great  lift,  and 
the  smaller  sizes  necessitate  an  undue  multiplicity  of  valve  unit.    The 


Fig.  1.233.— Jig  for  remaving  valve  seats  of  the  piesi  St  t)^.    It  consists  of  ■>  bolt  with  e 
length  of  thieed.  s  yoke  and  not  as  shown.    The  oiwratioD  ■»  apparent  from  the  cut. 

Fro.  1,234. — Detail  of  stuffing  boi  for  piston  pomp, 

"slamming"  of  large  valves  under  moderate  speeds  proved  itsdf  a  difficulty   ' 
hard  to  overcome,  until  the  principle  of  keeping  the  valve  area  as  low  as 
possible  within  reasonable  limits  had  been  fully  demonstrated.  ' 

Rotary  Pumps. — This  type  of  pump  may  be  defined,  as  I 

one  having  a  revolving  piston,  or  pistons  which  partake  of  the  , 
nature  of  cams,  rotating  upon  an  axis  and  being  in  contact  at  one 
or  more  points  with  the  ivalls  of  ike  enclosittg  chamber.    In  opCTa-  j 
tion,  a  rotary  pump  continuously  "scoops"  the  water  from  its 
chamber,  the  operation  being  somewhat  similar  to  bailing  a 
boat  with  a  scoop. 
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Centrifugal  Pumps. — ^This  type  of  pump  may  be  defined 
as  one  in  which  curved  vanes  or  impellers,  rotating  inside  a  close 
fitting  casing,  draw  in  the  liquid  at  the  center  and,  by  virtue  of 

SIDE  ELEVATION  PRONT  ELEVATION 


DELIVERY 
PIPE 


Pics.  1,235  to  1,237.— Views  of  ordinary 
or  simple  centrtfugal  pump  (Gwynne 
pattern). 


UCTION 
PIPE 


NOTE. — ^In  priminff  a  centrifugal  pump 
where  steam  is  not  available  and  it  is  im- 
practicable to  fill  the  suction  hoe  with  water, 
a  hand  or  power  operated  air  pump  should 
be  provided.  The  use  of  an  air  pump  re- 
quires the  placing  of  a  valve  on  the  dis- 
diarge  line  of  the  centrifugal  pump.  Such 
a  power  operated  pump  should  he  driven 
by  its  individual  motor.  In  priming  multi  - 
stage  pumps,  it  is  necessary  to  exhaust  the 
air  thoroughly  from  each  stage,  and  if 
primed  by  exhauster,  it  should  be  connected 
to  each  stage.  The  pump  should  be  started 
only  after  it  is  entirely  filled  with  water.  The  pump  must  not  be  nm  emply,  as  Uie  clearance 
Tin^rs  and  shaft  sleeves,  which  m  good  designs  have  very  small  clearances,  will  bind,  heat  and 
cat  if  run  dry.  When  first  starting  the  motor,  be  sure  to  see  that  its  direction  of  rotation 
agrees  with  that  of  the  pump,  as  pump  must  not  run  in  a  direction  opposite  to  that  for  which 
it  IS  intended.  This  will  be  usually  8tami>ed  on  the  casing  or  may  be  marked  on  the  blue 
print  of  the  pump.  After  the  pump  is  primed,  the  sh&ft  should  be  ttimed  over  one  or  two 
revoluticms  to  allow  all  air  to  free  itself  from  the  vanes  of  the  impeller. 

NOTE.— Before  starting  a  centrifugal  immp  and  its  motor,  care  should  be  taken  to  clean 
the  'bearings,  as  dirt  and  substances  may  get  in  during  shipment  or  erection.  They  shotdd 
then  be  fined  with  a  pure,  clean  mineral  oil.  This  oil  should  be  changed  when  it  becomes 
dirty  and  the  bearings  thoroughly  cleaned  at  the  same  time.  At  regular  intervals  these 
bearings  should  be  examined. 

N'OTB. — In  operating  centrifugal  pumps,  where  there  is  a  considerable  amount  of  air 
or  erases  in  the  water,  the  air  stop  cock  on  top  of  casing  should  be  opened  occasionally;  in 
extreme  cases,  the  cock  may  be  left  partially  open. 
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centrifi^al  force,  Uiraa 
otU  the  liquid  througft  m 
opaning  at  Ike  periphery  of 
ike  casiHg. 

Centrifugal    pumps  are 
divided  into  four  dasses: 
I  1.  Simple; 

2.  CoDoidal; 

3.  Volute: 

4.  Turbine    {^£l^ 

The  simple  or  ordinary  type 
consists  of  a  series  of  blade, 
which  are  rieidty  fixed  on  a'shaft 
and  enclosed  in  whal  is  called 
the  whirlpool  chamber  Vfhm 
the  blades  are  rapidly  revolved, 
the  centnfugal  force  thus  created 
throws  the  water  through  the 
outlet  in  the  casing. 

The  general  appearance  of  the 
conoidal  pump  {named  from  the 
cone  shaped  impeUer)  is  eone- 
what  different  from  the  ordinary 
centrifugal  pump,  on  account  oi 
the  widening  of  the  pump  diam- 
ber  to  receive  a  special  form  of  iin- 
pdler,  which  consists  of  a  double 
conical  shaped  core,  on  which 
radial  vanes  are  cast  or  mounted. 
The    peculiar    shape    of    this 

Pigs.  1.33S  and  l.^aS.—Gg^ne'i  conoidal,  ts;pa.  centrifugal  pump  and  detail^ot 


fn  caiutrucllsn>  A.  is  tbt 
:h  the  imp«TleT  conuiting  of  djK 


Tc  chamber  C,  are 


key  and  set  screw  S',  and  enEages  by  the  li 
tion  is  afforded  by  the  oil  holes  r.  The  vani 
dirt  from  the  bearinas,  and  partiali;"      ''"""" 

■paceaabove  and  below  the  diic  are ^  . 

the  vacuum  therein,  lelieving  it  (com  dowoinui] 
lower  bearing  is  required. 
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coieserveato  modify  gradually 
the  diiection  of  the  incoming 
current,  thereby  praventiog 
waste  of  power.  The  pump 
diamber  is  divided  into  two 


the  interior  of  the  cl 

and  encloses  the  base  of  the 
conoidal  impellcre.  This  i»r- 
tition  prevents  the  impinge- 
ment and  consequent  duturb- 
ance  of  the  two  enteriiw 
columns  o£   water.    Conoidal 

Smpa  are  especially  suitable 
■  supplying  water  to  surface 
condensers,  or  for  irrigation, 
pumping  sewage,  or  purpose* 
where  the  Uquid  pumped  is 
accompanied  oy  sand,  mud, 
ailt,  etc.  They  are  compara- 
tively  inexpensive    and    the 


delivered,  is  clained  to  be 
about  one  halt  that  of  a  oen- 
tntugal  pump  of  the  ordinary 
pattern.  They  are  designed 
lor  a  maximum  head  of  30  feet. 

Volute  pumps  are  built  for 
medium  lifts,  but  for  all  capac- 
ities. They  ate  desirable  tor 
heads  up  to  70  feet,  without 
necessitating  the  use  of  pumps, 
which  are  either  espedaily 
■  laigeorveryexpenMve.  Volute 
pumps  run  at  moderate  speed. 

Figs.  1.240  to  1 ,242.— TlirEe  slylei  of 
impeUer  for  centrifugal  pumps.    Fig. 
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The  turbine  type  may  be  defined  as  a  centrifugal  pmnp  kaving  ata- 
11011817  guides  or  diffusion  vanes  inside  the  casing.  The  diffusion  vanes 
are  placed  between  the  periphery  of  the  impeller  and  the  case  which 
take  the  place  of  the  usual  whirlpool  chamber  and  assist  in  guiding 
the  water  to  the  outlet  without  internal  shock  or  commotion. 

The  very  Umited  head  at  which  it  was  possible  to  operate  the  earlier 
pumps  with  economy  has  been  overcome  by  coahecting  two  or  more 
units  upon  one  shaft  and  operating  them  in  series,  that  is.  passing  the 
water  through  each  unit  in  succession,  thus  the  head  is  divided  between 
the  units  by  a  multi-stage  operation  and  by  providing  a  sufficient  number 
of  units  or  stapes,  they  mav  be  operated  with  heads  even  e  "  " 
two  tl»ous,iod  -iet  without  impairing  the  economy. 


e  speed  motora  or  for  belb  oi 


■IS  east  integraL  with  Iht  oit 
rudket  and  bearing  body.  Tbe 
luited.    Alberger  leguUr  »o(ate 


ifl  diflchAffe  openings  froi 
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Ttical  time  Mice  tuibine  pump  ttow- 
e  arransement  of  impclJen  A,  and 
i^M  B.  Thiapuinp  haa  tbe  suctioti 
t  the  top;  the  diBcharse  leaves  the 
chamber  of  the  last  (lo«eflt>  unpelUr 
I  the  circle.  The  shaft  nsta  in  a 
riofl  at  the  top.  and  ifl  furthei  held 

fjt  thtt  bottom  it  is  provided  wi^  a 
anciiw  unnEement.  Each  impeller, 
liiu  the  B**™  pauagea  of  the  pre- 

[jghtft  joint  aa  poaiible  without  intro- 
great  frictionalresLatance  to  rotation, 
inception  of  the  entrance  opening,  the 
irftice  of  the  impeUer  is  exposed  to  the 
Buure,  so  that  tber*  li  >  reniltnnt  op- 
jre  on  each  impeller,  equal  to  the  area  of 
itaentranca  multiplied  by  the  differ- 
ence between  the  entrance  and  di^ 

all  the  mipellera  be  alike,  the  total 

the  total  head  on  the  pump.  The 
pumps  are  so  proportioned  that  thif 
upward  tliTuat  Bliffhtly  eiceeds  the 
weight  of  tlie  rotatins  portion,  con- 
dslme  of  impeUen  and  shaft.    Tht 

retiaed  by  the  balancing  drdce'lo- 
caiedalthe  lover  end  of  the  shaft,  vtilh 
tht  resiiU  Ihitt  tlu  rolalinspart  ii  pre- 
cisdy  balanced,  thus  reiievine  the 
Ihruil  biorim  if  all  load  whOi  Ike 

Smp  it  rHHflinj.  The  balancing 
uice  referred  to  conaista  of  two 
chamben.  C  and  D.  formed  cen- 
trally in  the  bottom  of  the  lowest 
section  of  the  pump  case.  The 
laige  chamber  C  encloses  a  pTf>- 
5ecting  hub  E  on  the  lower  suifoce 
of  the  impeller.  This  hub  rotates 
\  with  the  impeller,  and  the  joint  be- 
Vi  tween  the  hub  and  the  walla  of  the 
)■)  chamber  is.  therefore,  loose  enough 
.wwalerfromthedeliveiysae 
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sup  at  Vump, — Tins  IS  properly  defined  as  Ae  difference 
between  the  tkeoretiail  and  At  actual  dis^targeoj  a  ptmtp.  It  is 
expressed  as  a  percentage  of  the  tbeoretical  discharge  or  dis- 
placemait.    Slip  is  due  to  three  canses: 


ncc  1,345  and  1,244.— Sstwnal  view  of  wata  end.  iOMtaiint  lUi  af  ■■fin,  uid  alto. 
I^W.  tS4S,  lift  for  (low  or  piDdcrau  cp«d-,  fie.  I,24«.  Ot  for  hwta  und.    The  cuts  dKtSr 

■bow  the  relative  pcjcition  of  the  cuctkm  and  J>g^>i»»g*  valvea  dnriog  th-  — '-  ^ 

the  pifton.    Pump  mUp  or  dippaac  ■•  a  term  Died  to  dEaote  Ikt  diftrtm 

aUtiitd  and  Iht  uUial  iiitkarit  iga  pum»,  and  ii  (cwrallir  eapreaicd  ai  _  , ,^  _ 

the  calculated  ditcharp.  11iu».  wlien  the  dippa^  it  given  u  IS  per  cent,  it  indicates 
that  the  loaa  due  to  al^  mnourita  to  15  per  ceat.  of  the  j-^L^ii^tMi  diacharKe.  StJMMge  a 
doc  to  two  caiuea,  the  time  reqaired  for  the  nction  and  diachaige  valves  to  aeat.    when 


, .r m  very  faat  the jHstoD  apeed  ii  ao  iiigh  that  the  water  cajmot  enter  the  pump  ( 

CTPiwh  to  completely  fill  the  cylinder  and  consequently  a  partial  cylinder  fall  of  vb 
k  deUvered  at  Mch  ataoke.  Hiihsfecdi  iUjBiivTianstippati.ivBtotltestiaint  aflkitai 
Via.  IjMK  repreaenta  a  lectional  view  of  the  water  bA  of  a  pamp,  showing  the  poeitiQr 
the  valvea  durinc  •  quick  reversal  in  the  direction  of  the  arrowa.  which  ilhistrates  the  posil 
of  the  valvea  corrcapondioa  to  high  speeds.  The  valrea  in  a  pmr  '^"  ->  -  - 
part  in  the  opnation  of  macHnery.  do  not  act  instan  taneooaly .  ' 
the  aeati.    When  pumpa  run  at  hi?^  ai^eed  the  piMon  will  movi,  _ 

while  the  valvea  are  descending  to  t^r  seats,  and  water  flowa  back  into  tne  pump  cylmOD' 
ontil  the  valves  are  tightly  closed-  The  valves  will  remain  in  tlu  rai«Bd  position  diown  in 
Sg.  1,24S  until  the  pision  stops  at  the  end  of  the  stroke,  and  under  hi^  apeed  llie  pi«tiin  wiD 
reach  the  position  on  the  return  stroke  indicated  bjr  tiie  dotted  lioe  L,  by  the  time  the  valves 
are  closed.  The  cylinder  will  be  fiUed  up  to  this  poml  with  water  frotn  the  delivsy  chamber 
ao  that  no  vacuum  can  be  formed  until  after  the  piston  reachea  thia  position.  The  vplnme 
of  water  that  can  be  drawn  into  the  cylinder  must  necessarilv  be  represented  by  the  cubic 
inches  of  space,  minus  the  quantity  which  flows  back  duriiw  the  time  the  valves  are  dooing- 
It  will  thus  be  seen  «,at  the  actual  voliune  of  water  dbcharged  is  a-"    ■*    -  - 


cylinderful,  and  th 


"i?ais 


noticed  that  the  valves  have  not  been  TSised  ss  high  as  in  fig.  1,24G,  becauK  a  longer 

beioK  allowed  for  the  discharge  of  the  water,  a  smaller  orifice  is  suflicient.  It  will  be  eeea 
alv)  that  the  piston,  moving  at  a  lower  velocity,  cannot  travel  as  tar  in  fig,  1.2*5  before  the 
valvea  wat,  and  consequently  a  vacuum  can  be  created  in  the  cylinder  earlier  in  the  stroke, 
and  ■  larger  volume  of  water  can  therefore  be  drawn  in  during  the  return  etroke.  In  the 
latter  case  it  is  evident  that  the  volume  of  water  drawn  into  the  cyUnder  will  be  nearly  equal 
to  a  cylindeiful  and  consequently  the  loss  by  slippage  must  be  corTcspondingly  Irsa.  In 
order  to  reduce  the  loss  hy^  slippage  several  valves  are  used  instead  of  a  single  valve  of  equal 
area.  A  Aat  disc  valve  will  nse  a  distance  equal  to  one-fourth  the  diameter  of  the  port  or 
of  the  opening  in  the  seat  to  discharge  the  same  volume  of  water  that  can  flow  through  the 

owing  to  the  friction  of  the  water,  and  this  is  eepedaJly  true  at  high  speeds. 
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1.  Leakage  of  water  past  the  piston  or  plunger; 

2.  Leakage  at  the  valves; 

3.  Back  flow  through  the  valves  while  closing; 

4.  Leakage  through  the  stuffing  box. 

The  piston  leakage  is  due  iisually  to  poor  packing  and  lack 
of  attention.  In  water  works  plants,  where  the  pump  Is  in 
continuous  operation,  the  piston  packing  should  be  frequently 


Pics.  1547tol.aSI.     _. 

■tud;  fig.  1,249.  mtXeX  valve; 

adjusted,  especially  on  high  pressure  systems.  A  small  leak 
here  will  occasion  considerable  waste  of  fuel. 

Leakage  at  the  valves  may  be  caused  by  improper  seating 
due  to  uneven  wear.  Valves  should  be  frequently  examined 
and  refaced  or  turned  over  when  worn. 

The  back  flow  loss  may  result  from  excessive  speed,  or  im- 
proper adjustment  of  the  valve  springs.    In  general,  the  higher 
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the  speed,  the  stronger  should  the  spring  be  to  insure  rapid 
closing  of  the  valves.  The  strei^h  of  spring  should  be  governed 
somewhat  by  the  lift. 

Pot  instance,  when  the  lift  is  excessive,  there  wiU  be  very  little  difference 
in  pressure  above  and  below  the  valve,  hence  the  available  pressure  for 
opening  the  valve  will  be  small.  In  this  case  a  very  stiff  spring  might  offer 
enough  resistance  to  prevent  the  opening  ctf  the  valve,  or  reduce  the  opening 
to  such  an  extent  that  the  water  does  not  enter  fast  enough  to  fill  tbe 


DISCI 


-ING 

tox 


Fic.  1.252, — The  ^r  chamber.  Tha  part  of  the  pump  hai  been  compared  to  the  fcrirtieel  of  u 
air  engine.  Energy  ia  here  stored  and  impArted  to  the  dischu^e  column  of  water.  Ihol 
keeping  it  in  motion  and  compeoiatina  for  the  intermittent  action  of  the  pump. 

1  part  of  the  cylinder  dis- 

The  Air  Chamber. — The  object  of  the  air  chamber  is  to 
make  the  flow  of  water  more  nearly  continuous,  and  to  reduce 
the  shock  of  the  impact  at  the  beginning  of  the  stroke,  caused 
by  the  intermittent  discharge. 

Fig.  1,252  shows  an  air  chamber  placed  on  the  delivery  end  cd 
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a  single  acting  plunger  pump.  When  the  inward  stroke  of  the 
plunger  takes  place,  the  lower  part  of  the  water  discharged  from 
the  cylinder  goes  to  the  delivery  pipe,  but  a  portion  enters  the 
air  chamber  and  compresses  the  air  in  the  upper  part  of  the 
chamber.  On  the  return  stroke,  when  no  water  is  passing  out 
of  the  delivery  valve  the  excess  of  pressure  in  the  air  chamber, 
due  to  the  previous  compression  of  the  air  therein,  is  sufficient 
to  force  the  water  out  into  the  delivery  pipe,  and  thus  keep  the 
water  in  this  pipe  in  motion. 


Figs.  1,253  and  1,264. — ^Two  types  o|  vacuum  chamber.  The  one  shown  in  fi^.  1,253  should  be 
placed  in  sach.  position  as  to  receive  the  impact  of  the  column  of  water  m  the  inlet  pipe, 
and  be  of  consiaerable  length  tatlier  than  of  Urge  diameter  and  short. 


There  seems  to  be  no  standard  for  sizes  of  air  cjhambers  on  pumps. 
A  large  air  chamber  permits  running  the  pump  at  an  increased  speed. 

A  defect  in  the  operation  of  air  chambers  is  caused  by  the  action  of 
the  water  in  absorbmg  air*  Air  chambers,  therefore,  are  usually  built 
with  a  small  neck  or  entrance  so  that  only  a  small  surface  of  water  is  ex- 
posed to  the  air. 

For  heavy  pressures  partictdarly,  air  chambers  should  be  arranged  so 
that  they  can  be  recharged  with  air  to  replace  that  absorbed  by  the  water. 

Air  or  vacuum  chambers  are  sometimes  placed  on  the  suction  end, 
especially  where  there  is  considerable  length  of  intake  pipe.  The  action 
of  a  vacuum  chamber  is  practically  the  reverse  of  that  of  the  air  chamber. 
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In  operation  the  air  pressure  is  less  than  the  pressure  in  the  intake  pipe» 
thus  tending  to  keep  the  column  of  water  in  motion  during  the  intermittent 
action  of  the  pump. 

Vacumn  diambers  are  of  two  types  as  shown  in  figs.  1»263  and  1,254.  The 
one  shown  in  fig.  1,253  should  be  placed  in  such  position,  as  to  receive  the 
impact  of  the  column  of  the  water  in  the  inlet  pipe  and  of  considerable 
length  rather  than  of  lar^  diameter  and  short.  The  size  of  the  neck  is 
substantially  the  same  as  m  the  air  chamber. 

Fig.  1,255  shows  the  water  end  of  a  pump  fitted  with  air  and  vacuum 
chambers. 


Pig.  1.255. — Water  end  of  a  horizontal  pump,  showing  location  of  air  and  vactram  chambers. 

The  capacity  of  the  air  chamber  varies  in  different  makes  of  pump  from 
2  to  3J^  times  the  volume  of  the  water  cylinder  in  single  cylinder  pumps, 
and  from  1  to  2H  times  the  voltune  of  the  water  cylinder  in  the  dufdex 
tjrpe.  The  volume  of  the  water  cylinder  is  represented  by  the  area  of  the  water 
piston  multiplied  by  the  length  of  stroke. 


NOTE. — ^In  larg«  pumping  plants  small  air  pumps  are  employed  for  keeping^  the  air  cham- 
bers properly  charged.  In  smaller  plants  an  ordinary  bicycle  pump  and  a  piece  of  nbber 
tubing  are  used  to  good  advantage. 
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Direct  Acting  .Pumps  with  Equalizers. — ^Various  devices 
have  been  fitted  to  direct  acting  pumps,  in  order  to  enable,  them 
to  use  steam  expansively,  and  thus  work  with  greater  economy. 
If  in  the  ordinary  pump,  steam  be  cut  off  before  the  end  of  the 


p.  ThtconiiderableuHof  th^Mnunpsiidunnibr 
aiie  o(  the  mamtimding  Hi  tho  left  of  the  fly  whei 

stroke,  the  pressure  on  the  piston  will  gradually  fall  as  expansion 
takes  place.  Hence,  the  power  at  the  steam  end  may  be  so 
reduced  before  the  completion  of  the  stroke  that  it  will  fail  to 
overcome  the  resistance  at  the  water  end,  and  the  pump  will 
therefore   stop.      In   order  to   overcome   this   difficulty,   some 
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device,  such  as  shown  in  fig.  1,258,  must  be  provided  to  equalize 
or  compensate  for  the  variable  pressure  at  the  steam  end.  A 
pmnp  having  this  improvement  is  shown  in  fig.  1,259,  it  is  of 
the  tandem  compound  duplex  type,  as  used  to  some  extent  in 
water  works. 


Horizontal  Fly  Wheel  Pumps. — Instead  of  compensating 
cylinders  for  equalizing  the  variable  pressure  on  the  steam  piston 
due  to  early  cut  off,  a  fly  wheel  is  frequently  used.  There  are 
numerous   designs   of  this  type   of  pumping   engine   differing 


Pig.  1,258. — Compensating  cylinders  of  the  Worthington  pump;  view  showing  the  cylinders  io. 
several  i>ositions  during  the  stroke.  The  object  of  these  cylinders  is  to  equalize  the  pres- 
sures at  the  steam  and  water  ends  of  the  pump,  thus  permitting  an  early  cut  off  in  the  high 
pressure  cylinder,  to  secure  gredter  economy  in  the  use  of  steam. 

greatly  in  the  mechanical  details  and  arrangement  of  parts. 
An  example  of  the  horizontal  fly  wheel  pump  is  shown  in 
fig.  1,260. 

In  this  design  the  low  presstire  piston  rods  are  directly  in  line  with  the 
pump  plungers,  the  high  pressure  cylinder  lying  on  top  of  the  low  pressure. 

A  swinging  beam  with  links  connects  the  cross  head  of  both  engines. 
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so  that  the  power 
developed  by  the  high 
pressure  engine  which 
IS  not  absorbed  in 
driving  the  fly  wheel 
is  transmitted  to  the 

The  high  pressure 
steam  is  controEed  by 
double  beat  valves 
worked  by  eccentrics 
off  a  cam  shaft  which 
lies  at  right  angles  to 
the  crank  shaft,  being 
driven  by  bevel  gear- 
ing. 

at  gridiron 
valves  between  the 
•"S  two  cylinders  serve 
11  both  as  exhaust 
as  valves  for  the  high 
11  pressure  and  ad- 
*  g  niisdon  valves  for  the 
^  °  low  pressure;  separ- 
i  ate  grids  being  fitted 
i*  for  the  final  low 
'11  pressure  exhaust. 
yi  The  air  pump  is 
■|.g  driven  off  a  vibrating 
I S  arm  on  the  beam 
II  gudgeon, 
g^a  This  engine  is  also 
§■■?     built  to  operate  as  a 

■si  engine,  in  which  case 

I"  the    upper    or    high 

.|C  pressure    cylinders 

i  and  connections  are 

*■»  omitted,    and    the 

's-S  lower  steam  cylinders 

^  ^  are    provided    with 

S^  automatic  cut  off 

Yl  valves.    Steam  is  ad- 

Q  „-  mitted  to  these  cyl- 

S I  inders  direct  from  the 

"..a  boiler    and    exhaust 

S  °'  into  the  condenser. 
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entriiuf^  pumpinfi  eBgines.     CapacitT 

fJOTE.— IF/wre  condftfom  of  head  alloic,  centrifugal  pumps  direcily  connected  to 

large  pumps  belt  drive  is  pT(^bitiv«,  and  while  occasioDally  a  rope  drive  la  resorted  to^  a 
directly  connected  outfit  malcea  the  most  economical  pumping  untt,    A  steam  driven  Centri- 


:ie3  can  only  be  used  for  comparatively  low  heads  ottiug  to  the  engine's  limited 
)n  Bccount  of  email  space  occupied,  li^ht  weight  and  minimum  of  attenticn 

Talllng^cEntrlfugS'pun^.'  The  auction  elevation  or  lift  shonld,  be 


„_.  _ ,,. ir  tight, . 

win  be  difhcully  with  the  pump's  operatiDn.     The  dynamic  lift,  that  is.  the  senial 


IPS  operation .     The  dynamic  lifi 
tirouBh  sucljon  pipine.  should,  if 


ssible< 
ildbe  so  aiiangcd  that  no  aii  pooliGts 


/.SSvf." 

ge  pipe,  and  the  fewer  the  nun 

y  dnve  the  pump.    The  found 

:  should  be  amply  rigid  and  Bt 

maintain  correct  alignment.     Gieat  care  should  be  taL r— ■-  -,,--,-.--, 

the  foundation,  and  that  it  be  not  finally  bolted  down  until  it  has  been  carefully 


2fl  £eet .  and  preferably  should  be  much  less  than  this;  especially  in  eitremefy  high  epeed  pumps. 

The  larger  the  discbarge  pipe,  and  the  fewer  the  number  of  elbows,  the  less  tTie  friction  held 

and  power  reouired  to  dnve  the  tnimo.    The  foundations  need  not  be  as  heavy  as  for  a  re- 

properly  support  the  pump  and 


lally  bolted  down  until  it  has  been  caiefully  ascerti 
13  freely  in  the  beaiings.    If  the  pump  be  directly 


itarted.  and  lubrication  supoliei 

.._ ^ _.  _ „_. ..  __         -.Jerty  packed  with  best  quality  fj  soft 

acldng  well  greased  and  graphited,  and  gland  should  not  be  ti^teoed  up  tight  as  that  will  bum 
he  packing  and  cut  the  shaft.    A  slight  water  leakage  from  the  stuMng  boxes  docs  no  hami 

ble  to  piavide  Uie  stufEng  botes  with  water  seals  to  prevent  air  leakage  into  the  pump.  Usually 
be  water  seal  is  supplied  ny  water  from  the  pressure  portion  of  the  pump  shell,  wbich  is  all  liflbt 
^  the  pump  be  handling  clean  water;  otherwise  water  should  be  3U|^hed  from  any  other  ojor 
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Triple  Expansipn  Pumping  Engines. — For  high  economy 
in  the  use  of  steam,  its  expansion  is  frequently  divided  into 
three  stages,  a  further  division  is  ineffective  in  reducing  the 
steam  consumption  unless  exceptionally  high  initial  pressure  be 
used.  A  type  of  triple  expansion  pumping  engine  used  to  some 
extent,  is  shown  in  fig.  1,261. 

Capacity  of  Pump. — This  term  relates  to  the  amount  of 
water  a  pump  is  able  to  deliver  when  operated  at  a  specified 
speed.    There  are  two  kinds  of  capacity: 

1.  Theoretical  capacity; 

2.  Actual  or  net  capacity. 

The  theoretical  capacity  represents  the  pumping  ability  of  a  perfect 
pttmp,  and  is  expressed  as  the  volume  in  cuoic  feet  or  gallons  displaced 
by  the  pump  per  minute. 

Since  it  is  impossible  to  construct  a  perfect  pump,  it  is  customary  in 
computing  capacity,  to  first  calculate  the  theoretical  capacity  and  then 
make  allowance  for  the  various  losses  due  to  sUp,  leakage,  etc. 

Ques.  What  kind  of  a  pump  will  pump  more  than  its 
theoretical  capacity,  and  why? 

Ans.  A  single  acting  lift  pump  having  bucket  valves,  because 
the  column  of  water  does  not  cease  flowing  when  the  bucket 
descends,  that  is,  especially  at  high  speeds  the  foot  and  head 
valves  remain  open  all  the  time,  and  the  bucket  valve  accordingly 
under  such  conditions  is  the  only  valve  essential  to  operation. 

How  to  Figure  Capacity. — RULE:  Multiply  the  area  of  the 
piston  in  sq.  ins,  by  the  length  of  the  stroke  in  ins.,  and  by  the 
number  of  delivery  strokes  per  minute y  divide  the  product  by  1,728 
to  obtain  the  theoretical  capacity  in  cu.  ft.,  or  by  231  to  obtain 
theoretical  capacity  in  U.  S.  gallons.     The  result  thus  obtained 
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is  to  be  muUiplied  by  an  assumed  factor  represmUng  ike  efficiency 
of  ike  pump  to  obtain  the  approximate  net  capacity. 

The  rule  expressed  as  a  formula  is 

.7854XD«XLXN      , 
Approximate  net  capaaty  «■ r728 ^  ^^  — ^  ^'**  ^^*' 

or 

.7854XD^LXN.^  ,^       ^      „ 
231 X{l—f)galUma 

in  which 

D'* square  of  piston  or  plunger  diameter  in  sq.  ins.; 
L  B length  of  stroke  in  ins.; 
N  ■« number  of  delivery  strokes  per  minute; 
/  a> factor  representing  assumed  slip  in  per  cent,  of  displacement; 
1,728  —cu.  ins.  in  one  cu.  ft.; 
231  >-cu.  ins.  in  one  U.  S.  gallon. 

Example. — ^What  is  the  approximate  net  capacity  of  a  3X5  double 
acting^  power  pump  running  at  75  revolutions  per  minute  with  an  assumed 
^p  of  5  per  cent.,  applying  this  formula? 

.7854  X3*X5X  150 
Approximate  net  capacity pj^g X  (1  —  .05)  »2.92  cu.  ft. 

.7854X3^X5X150      ,, 
231 ^  (1  — .05) «  21.8  galls. 

Theoretical  Horse  Power  at  the  Water  End.— The  theo- 
retical horse  power  required  to  raise  water  at  a  given  rate  to  a 
given  elevation  is  obtained  by  the  following  formula: 

^  jj  p^ VXWX(L+H) 

33,000 
in  which 

V= volume  in  cu.  ft.  per  minute; 
Wss weight  of  one  cu.  ft.  of  water; 
L=lift  in  ft.; 
H»head  in  ft. 
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Fig.  l,202.'-*Dttiiham  duplex  double  acting  power  pump.  Th9  general  detign  comprises  two 
pairs  of  horizontal  water  chambers,  each  pair  connected  at  each  end  by  vertical  water  passages, 
and  at  the  center  by  a  vertical  working  barrel  or  cylinder.  The  upper  water  chambers  of 
each  pair  are  connected  at  each  end  by  arms  firmly  bolted  together  in  a  vertical  plane. 
passing  lengthwise  through  the  center  of  the  pump.  In  each  arm  there  is  an  intake  or  dis- 
chazge  opening  where  a  gate  valve  can  be  placed.  By  closing  one  pair  of  gate  valve  (on* 
intake  and  one  d]8charg[e)  the  water  can  not  flow  from  one  pair  of  chambers  to  the^  other, 
at  either  end,  thus  making  it  convenient  to  use  only  one  side,  or  one-half  the  pump  in  case 
of  repairs.  £ach  water  chamber  carries  two  sets  of  valves ,  intake  and  discharge ;  one  on  each 
side  of  the  vertical  cylinder.  The  valve  decks  proper  are  cast  as  part  of  the  water  chamber* 
but  each  deck  carries  one  bronze  plate  in  valve  rest.  The  valve  chamber  openings  are  pro- 
vided with  large  covers  making  valves  readily  accessible.  Badi  upper  water  chamber  sup- 
ports an  A  frame  of  box  section  forming  air  chambers  for  both  intake  and  discharge.  The 
two  A  frames  carry  the  main  bearings  for  the  shaft.  The  drive  is  by  belt  instead  of  gearing, 
thus  eliminating  noise  and  friction  of  extra  bearings. 
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Example. — ^What  is  the  theoretical  horse  power  required  to  raise  100 
cu.  ft.  of  water  200  ft.,  with  a  10  ft.  lift  when  the  water  is  at  a  temperature 
of  75®  Fahr.,  and  when  at  36**  Fahr.? 

For  a  temperature  of  75**,  one  cu.  ft.  of  water  weighs  62.28  lbs.  Sub- 
stituting this  and  the  other  data  in  the  formula, 

100X62. 28X  (10+200) 
T.H.P.-  33,000  -39,63 

Now  if  the  water  have  a  temperature  of  only  36*,  as  might  be  in  very  cold 
weather,  the  weight  of  one  cu.  ft.  will  increase  to  62.42,  and  the  horse 
power  would  accordingly  increase  in  proportion  to  the  ratio  of  the  two 
weights,  or 

62.42 
T.H.P.  (at  35*  Fahr.)  =39.63X-jg2^-39.7 

By  observing  the  very  slight  difference  in  the  two  results  it  will  be  seen 
that  for  ordinaiy  calculation,  the  temperature  need  not  be  considered, 
taking  the  usual  value  62.4  lbs. 

Horse  Power  Absorbed  ^t  the  Water  End. — The  actual 
horse  power  required  at  the  water  end  of  a  pump  (not  including 
slip  or  mechanical  efficiency)  is  equal  to  the  theoretical  horse  power 
plus  an  allowance  jor  the  friction  of  the  water  through  the  pipes 
and  pump  passages. 

There  is  also  friction  of  water  in  the  elbows  which  is  usually  taken  into 
account.  Values  for  these  two  items  are  obtained  by  consultmg  tables  of 
friction  of  water  in  pipes  from  which  the  virtual  head  to  be  used  is  easily 
found  and  which  when  inserted  in  the  T.H.P.  formtda  will  give  the  "actual 
horse  power"  as  above  defined. 

Duty  of  Pumps. — The  word  **duty"  is  used  in  engineering 
to  express  the  efficiency  of  a  steam  ptimping  engine  as  measured 
by  the  work  done  by  a  certain  quantity  of  fuel,  or  steam.  Duty, 
then,  stands  for  foot  pounds  or  work  done,  and  means  the  num- 
ber of  pounds  of  water  lifted  one  foot,  or  its  equivalent,  by 
100  pounds  of  coal,  or  1,000  pounds  of  satiurated  steam. 
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Formerly  duty  was  expressed  on  the  coal  basis,  but  this  has  fallen  into 
disuse  owing  to  the  variations  in  the  quaUty  of  the  latter. 

Duty  expressed  per  1,000  lbs.  of  steam  is  equivalent  to  100  lbs.  of  coal 
when  the  evaporation  is  10  to  1.  This  result  is  readily  obtainable  with  good 
grades  of  coal  when  the  boilers  are  correctly  proportioned  and  in  proper 
working  condition. 

Duty  per  100  lbs.  of  coal  would  show  the  combined  efficiency  of  the 
XHunp  and  boiler;  when  expressed  on  the  steam  basis,  the  efficiency  of 
the  pump  alone  is  obtained.  The  latter,  therefore,  is  generally  used,  as 
the  result  sought  is  to  detennine  how  economical  the  pump  is  in  the  use 
of  steam. 

Another  unit  of  duty  is,  the  foot  pounds  of  work  at  the  water  end  per 
million  heat  units  furnished  by  the  boiler.  This  is  the  equivalent  of  100 
pounds  of  coal  where  each  pound  imparts  10,000  heat  units  to  the  water 
in  the  boiler,  or  where  the  evaporation  is  10,000 -5-966.7  « 10.355  potmds  of 
water  from  and  at  212®,  per  pound  of  coal. 

The  last  mentioned  tmit  which  was  reported  in  1891  by  a  committee  of 
the  A.  5.  M,  E.  (Trans,  XII,  530),  reafnrmed  it  in  1915  as  the  standard 
unit  and  defined  it  as  follows:  the  duty  per  million  heat  units  is  found  by 
dividing  the  number  of  foot  pounds  of  work  done  during  the  trial  by  the  total 
number  of  heat  units  consumed,  and  multiplying^  the  quotient  by  1,000,000. 
The  amount  of  work  is  found  in  the  case  of  reaprocating  pumps  by  multi- 

gl3ring  the  net  area  of  the  plunger  in  sq.  ins.,  the  total  head  m  lbs.  per  sq.  in.^ 
y  the  length  of  the  stroke  in  feet,  and  the  total  number  of  single  strokes 
during  the  trial;  finally  allowing  for  the  percentage  of  leakage  of  the 
piunp.  In  cases  when  the  water  delivered  is  determined  by  weir  or  other 
measurement,  the  work  done  is  fotmd  by  multiplying  the  weight  of  water 
discharged  during  the  trial  by  the  total  head  in  leet. 


*NOTE. — ^The  total  head  is  determined  by  adding  together  the  pressure  shown  by  the 
gauge  on  the  force  main,  the  vacuum  shown  by  the  gauge  on  the  suction  main.'and  the  vertical 
distance  between  the  center  of  the  force  main  gauge  and  the  point  where  the  auction  gauge  pipe 
connects  to  the  suction  main,  all  expr»»ed  in  the  same  units  (pounds  per  sq.  inch  or  sq.  foot). 
A  pet  cock  should  be  attached  to  the  gauge  pipe  below  each  gauge  cock,  and  opened  occasionally 
so  as  to  free  the  pipe  of  air  in  the  case  of  the  force  main  ^uge,  and  of  water  in  the  case  of  the 
suction  gauge.  If  the  suction  main  be  under  a  pressure  instead  of  a  vacuum  the  suction  gauge 
should  be  attached  at  such  a  level  that  the  connecting  pipe  may  be  filled  with  water  when  the 
pet  cock  is  opened,  in  which  case  the  correction  for  oinerence  in  elevation  of  gauges  is  the 
vertical  distance  between  the  centers  of  the  gauges,  and  the  reading  of  the  suction  gauge  is  to  be 
subtracted  from  that  of  the  force  main  gauge.  If  the  water  be  drawn  from  an  open  weU  beneath 
the  pump,  the  total  head  is  that  shown  by  the  force  main  gauge  corrected  for  the  elevation  of 
the  center  of  the  gauge  above  the  level  of  water  in  the  pump  well.  If  there  be  a  material 
difference  in  velocity  of  the  water  at  the  points  where  the  two  gauges  are  attached,  a  correction 
should  be  made  for  the  corresponding  difference  in  vtlocUy  head. 
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SPECIAL  RECIPROCATING  ENGINES 
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some  pur- 
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adjusted  as  close  nor  as  often  as  with  double  acting  engines, 
hence,  they  may  be  operated  with  less  attention. 

The  characteristics  of  single  acting  engines  are;    minimiim 
liability  to  get  out  of  order  or  to  pound,  as  the  working  parts  are 


Tigs.  1.284  to  1,288. — Acme  twocyliadMsingleactingeoeinea  for  srosU  unit  high  speed  aerrict. 
The  siies  range  fnm  2HX3M  Co  7 X 7  developing  at  80  Iba.  initial  piessare.  1)^  to  27 
horee  power,  M  lbs.  M.E.P.,  400  R.P.M.  Any  sSe  may  be  operated  up  to  60O  E.P.M. 
The  vHlve  ia  of  the  rockrne  type.  It  is  a  one-piece  casting  ground  to  fit  a  bored  chamber 
which  serves  aa  the  valve  seat  and  cylinder  head.  The  lubrigatioii  ia  by  the  splash  syalem. 
The  cTsnkcase  is  tilled  with  water -to  such  a  height  that  the  cranks  just  dip  into  it;  a  small 

is  fplashed  to  every  part  of  the  interior,  where  it  collects  in  small  poclceta  and  fiowe  in  a 
continuous  stream  over  all  bearings. 


reduced  to  the  smallest  number  consistent  with  economy  in 
the  development  of  power ;  smooth  and  quiet  operation  at  high 
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They  are  usually  made  with  two  cylinders,  cranks  at  180 
degrees,  thus  requiring  only  one  valve  which  reduces  the  amount 
of  valve  gear  parts  required.    They  are  suitable  for  small  powers 
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In   eonttructlon,    the    cylinder    is 


avoiding  guides,  cross  head  aod  connect- 
ing rod.  There  are  two  general  classeB 
of  osdtlating  engines:  1 ,  those  with  valve 
on  the  cylinder,  as  in  fie.  1,268,  and  2, 
those  with  ports  osdllatine  about  a 
stationary  seat  as  in  fig.  1,269.  Either 
may  be  single  or  double  acting. 


faction,  tli«  oicina  frajn*  OO.  ii  mads  in  one  piece 
id  hu  boHS  on  each  ode  to  receive  the  crank  (hift  M. 
id  the  tdSA  tranniona  B.  whick  pnject  it  right 
i^les  fTDm  the  upper  head  of  the  cytmdvr  and  on 
luch  tha  i^Under  ii  Bmpoitad  aai  pivoted.  The 
■ton  R,  ii  connected  with  the  piMon  rod  I.  to  the 
•nkpinL,  ■ndtbathnsareahnyiinaMrughtlinc. 
owquentlr  at  the  pieton  move*  up  and  down,  the 
Under  vibnteabadcandforth  on  the  trunnion*.  Tlie 
live  D,  li  ■  hollow,  nliodncal  eaating  endoaed  in  a 
iMing  A,  attached  to  the  engine  frame.  Tbe  bottom 
the  vuvB  haa  a  niooth  concave  lurfaoe,  while  the 
iper  end  of  the  cylinder  P,  has  a  tmooth  convci  nirface. 
be  two  mrfacea  main-  a  (team  tight  ioint,  and  any 
lar  that  oecurt  is  automatically  talan  up  bv  spiingi 
4  coiled  around  boaiei  above  ue  valve.  Tce  eteam 
id  eibaust  pipes  8  and  T.  cannect  with  two  brssa 
ibea  R  and  R',  ii4iich  are  icrewed_into  the  vh1\ 

B  two  cylinder  porta  P  ai  , 

id  bottom  <A  tb«  cylinder.  In  operation,  aa  the 
'Under  vibrates  hack  and  forth  on  the  tnumiona.  the 
linder  porta  ahemat^ly  take  ateam  from  tfie  central 
live  port  X,  and  exhuiat  through  the  prarta  0  uid 
rv      F_  ~.mlnm.  the  di~-«™  "f  ••"  -"-1-  «.- 

H  port  X.  and  eiSiaiut  through  the 


box  N.  'Hie  upper  endi  of  the  tub«B  '. 
B,  repreienta  a  counter-balance,  which  is 
cylinder  and  upward.  Tbe  revernng  valvf 
the  lever  to  a  central  postiOD,  the  steam  sc 


FIC.  \,2f».—Ttxleoyiiiiaud. 

the  eccentiica.  £.E.    The  cylinder  C.  and  pbton  Tod  vibrate  the 
rod  on  other  eogincs.  the  cylinder  being  nispended  on  both  Bidei 

pipefl  aro  inserted  into  the  openings  O.  thejoint  being  ma^e  ateam  tifiht  by  means  of  packing 
rio<«.  allowing  the  eyhndeis  to  oscillate.  TTie  steam  passes  through  a  channel  in  the  cylinder 
caatijuc  to  the  valve  cheat  V,  and  is  controlled  by  a  slide  valve  in  the  ordinary  way.  The 
t»veramB  gear  may  be  of  the  Icxiae  eccentric  type,  or  the  ao  called  Stephenson  link  motion, 
oa  ahown.  The  eccentric  rods  are  connected  to  the  link  L,  which  slides  over  the  link  block 
attached  to  a  pin  in  the  quadrant  N,  and  by  means  o£  the  reach  rod  R,-and  the  reversing 
gear  shown  in  the  figure,  either  eccantiic  may  be  made  operative. 
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In  the  second  type  the  trunnions  are  used  as  steam  passages.  The 
trunnions  have  interposed  between  them  and  the  cyhnder  body  a  belt, 
whiiii  conveys  the  steam  to  and  from  the  valve  boxes.  An  engine  of  ijiis 
type  with  reversing  gear  is  shown  in  fig.  1,268. 

Steering  Engines. — The  steam  steering  engine  serves  the 

purpose  of  turning  the  rudder  of  the  ship  more  powerfully  and 


Pics.  1,272  and  1.373, — Plain  and  side 


Bteeiiog  engiae  showing  at 


rapidly  than  can  be  done  by  hand.  Its  power  is  applied  through 
rope,  chain  or  gear  transmission  to  a  lever  or  sheave  on  the 
rudder  §tock,     But  its  operation  is  intermittent  and  is  alsa 
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peculiar,  in  that  it  swings  the  rudder  only  through  a  part  of  the  arc, 
less  than  90  degrees,  while  the  engine  makes  several  revolutions 


pilot  houBe  wh«t.  The  pilot  vl 
•  a  BproEket  et-"  — ••  — 
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It  is  made  r  lust 

ports  through  the 


bridge  and  cli 
the  nidder  is 


it  ii  nocaanry  to  hnve  tbe  iteun  valve  conttolM  autonuitBidIr  to  that  tha  n 
pToducad  by  ua  eosine  ii  kept  proportional  to  tha  movamant  givan  the  ■taarins  irbad.  Hm 
engiiw  cantndliiifi  vtdva  ataita  to  move  at  once  in  mponte  lo  any  movement  al  the  iteerina 
wheel  in  eiUwr  dmctton.  The  eiuuia  Itaept  movini  oalr  ao  lone  aa  the  control  valve  ia  IcBpt 
in  motion  by  tha  Mcerinc  wheal.  Totdnctianinthii  oiasiHrniotiaoianventotheBhatt  A, 
tram  the  rotatioo  at  the  ateerinc  wbesl  ia  tha  pilot  booaa.  The  thnadad  shaft  B.  which 
■a  uiavented  rotaliiis  by  the  foDow-up  sean  B  and  P,  when  tiie  ensina  ii  at  raat,  ii  pulled 
CDdwiaa  br  the  ntation  of  miter  nan  C  and  D,  «pon  rotation  of  alu^  A.  Gear  D,  which  ii 
threaded  to  fit  ahaft  B,  is  held  loncitudinally  by  tbe  beaiiv  G.  This  make*  it  a  block 
thmu^  which  tha  shaft  B,  is  drawn.  The  cndwis*  motion  oi  shaft  B,  controls  tha  opening 
cj  the  change  valve  which  admiu  ateam  to  the  main  vatvas  of  the  cmuu  cylioden.  Stesm 
hkvioK  been  admitted  to  the  ^Imdeis  durint  the  tuminc  of  the  diA  A,  tha  ravOlTiiu  of 
the  drum  ihaft  rotatina  the  fbnow-up  sears  E  and  P,  retvms  the  chjutge  valve  to  a  neutral 
pOHtion.  when  the  shut  A.  cesses  to  turn,  thereby  itoppins  the  iteam  flow  to  the  main 
valve  and  ■p"—*^  the  steering  engine  to  come  to  a  atop.  It  will  thus  be  Been  that  tbe  move- 
ment of  tha  sleeBna  wheel  in  the  pilot  house  BdmiU  steam  to  the  engine,  while  thf  motion 
-  of  the  «Iifine  itself  coM  oS  the  (team.  Stops  are  Rtted  to  the  automatic  sttachmeat  to 
regulate  the  number  of  turna  of  the  nheel  fiom  '"bard  over"  to  "hard  over."  These  stops 
are  adjostabla  to  agns  with  the  distance  Che  rudder  ahould  travel  to  prevent  bringing  up 
a^inst  the  chocks  at  the  "hard  over"  position.  Thn^  imKup  fli-niTm  nn  ths  chains  and  con- 
nections between  the  rudder  quadnnt  and  the  i 
wheel,  made  of  small  diameter,  is  used  only  for  opening  tbe  engine 
tuma  (rf  tbe  wheel,  from  toril  a  Ixvl  to  hard  a  slarboard,  variea  froi 
to  the  aize  of  the  vesael.    The  steering  wheel  ii  mounted  on  a  column 

iron.     Tbe  wheel  is  COfmeCted  with  the  valv^  n^ntinn  nf  th*»  pninnr  hu 

DearinB'    A  teH-tale  or  indicator  is  local 
thTDugli  which  the  quadnuit  or  rudder  ha 
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The  steering  gear 
consists  of  two  com- 
plete engines,  with 
regular  valves,  which, 
however,  have  no 
angular  advance,  lead 
or  laps.  The  two 
cranks  are  set  at 
90",  to  insure  a  posi- 
tive starting  in  any 
position.  The  con- 
struction of  the 
engines  should  be 
strong  and  durable, 
with  large  bearing 
surfaces,  as  the  strains 
upon   them   may    be 


-iTie  engine.    It  u  a  double  wDmi  witli  ad- 

d  wheel  ate  so  shaped  that  the  entire  £»M 

ol  tIM  worm  IB  in  contact  with  tha  wheel  at  the  same  time  thereby  securing  the  muimiim 
bearing  eurface  and  the  minimum  of  wear.    The  worm,  W  W,  is  of  steel  or  brass,  accorfiog 

The  adjustable  bearings.  BB.  take  tbe  thrust,  independent  of  the  mam  jonmals  of  the 

'o  determine  whether  the  odjuatount  a  iat 

'    -o  that  the  teeth  niajr  always  be  kept  in 

,  •■"1.-.-  '■"  ^y  fradual  adioatment.  not 

-■■■--  -"-  -^         t,  L.    It 


quite  severe  in  a  sea  way.  The  steam  steerer  is  placed  directly 
under  the  pilot  house,  in  the  engine  room  or  near  the  rudder 
stock.  The  transmitting  gear  needs  attention  in  keeping  it 
taut,  and  in  providing  that  the  position  of  the  hand  wheel  and 
its  indicator  corresponds  to  the  position  of  the  rudder. 

Steam  Heverslng  Gear. — On  large  engines  th«  valve  gear 
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parts  which  have  to  be  moved  to  reverse  position  to  change  the 
direction  of  motion  of  the  engine  have  considerable  weight  and 
cannot  be  moved  by  hand  without  considerable  exertion,  thus 
steam  reversing  gear  is  used.  The  form  of  reverse  .gear  most 
commonly  employed  in  America  is  of  the  so  called  "floating"  or 
"self  centering"  types  as  shown  in  fig.  1,277,  its  operation  being 
explained  in  the  text  under  the  figure. 


^   pcBT,    usea   WIIQ 

wutt  the  Stephen- 


connected,  ai  aliowii.  to  the  shittiaa  link  L.  The  valve  of  the  cylinder  C.  ia  controllec 
by  the  bund  levM,  H;  and  when  this  is  turned  so  as  to  admit  steam  to  the  bottom  face  ol 
the  piston,  the  bell  crank  B,  and  link  R.,  describe  the  patha  mdicated  by  the  dotted  ares 
thus  «hiftinE  link  L,  lo  the  left,  and  reversing  the  action  of  the  eccentric  rods  EE.  on  th< 
valve   stem  S  of  the  main  cylinder.     0((Hr  l«IMr«iJfiar<(iire.- T,  the  tumblmgshaft  oi 

irhi(!hB.iapivoted;G.giiidefodonwliichthef— >— •■' "  -'■-"—'—■"■   — i-; =— 

againat  w*- -^  "  -'-"—  "- ^""- 
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It  is  evident  from  the  figure  and  explanation  that  the  mechanism  will 
operate  the  reverse  lever  arm  synchronously  with  the  control  lever  but 
in  opposite  directicm.  Should  the  weight  of  the  moving  parts  or  e3cpansion 
of  the  steam  carry  the  piston  beyond  the  descend  point,  the  valve  would 
also  be.  displaced  from  its  neutral  position^ft^nitting  st^m  on  the  other 
side  and  thus  establishing  equilibrium. 

Ques.  What  peculiar  action  is  present  in  engines 
equipped  with  steam  reversing  gear? 

Ans.  Since  the  elastic  force  of  steam  is  tiscid  to  **lock"  the 
gear  in  the  running  position,  when  the  inechanism  is  vertical  as 
shown,  the' parts  tend  to  move, downward  until  tlie  valve  begins 
to  admit  steam  which  then  drives  the  parts:  back  to  the  desired 
position.  This  vibration  causes  a  change  in  the  point  of  cut  off 
which  causes  the  engine  to  periodically  slow  down  and  speed  up. 

Ques.    Why  is  lap  given  to  the  valve. 

Ans.     To  reduce  the  sensitiveness  of  the  gear. 

Very  little  lap  is  given,  jibout  Hi  steam  and  }4  exhaust,  the  latter  being 
added  to  cushion  the  parts. 

Square  Piston  Engine. — This  type  of  engine' is  shown  in 
the  accompanying  cuts.  Reduced  to  its  simplest  elements  it  con- 
sists of  simply  two  movable  pieces,  one  sliding  inside  the  other. 


NOTE. — Turning  gear.  The  object  of  such  gear  is  to  turn  the  engine  by  external  power, 
as  when  overhauling ,  setting  the  v^ves,  such  gear  being  used  for  Engines,  too  large  to  be  turned 
by  hand.  The  turning  gear  usually  consists  of  a  large  worm  wheel  placed  on  the  main  shaft 
just  aft  of  the  bed  plate,  geared  through  worm  and  spur  gearing  to  a  small  engine,  usually 
a  double  simple  engine  with  cranks  at  90°.  The  gearing  ratio  is  such  that  many  hundred 
revolutions  of  the  turning  engine  may  be  required  to  one  of  the  turning  wheel  or  main  engine 
shaft.  This  gear  must  be  so  arranged  as  to  be  readily  thrown  in  and  out  of  connection  with 
the  main  turning  wheel.  This  is  usually  accomi^lished  by  carrying  the  main  worm  on  a  shaft 
which  is  pivoted,  and  which  can  thtis  be  locked  in  either  of  two  positions,  in  one  of  which  the 
worm  is  in  gear,  and  in  the  other,  out  of  gear,  or  else  by  driving  the  worm  on  a  shaft  with  a 
feather,  thus  providing  for  endwise  motion,  and  for  fixing  it  in  either  of  two  locations  on  its 
shaft,  in  one  of  which  it  is  in  gear,  and  in  the  other,  out  of  gear.  The  latter  is  the  arrangemeat 
more  commonly  met  with.  Where  a  turning  engine  is  not  provided,  the  turning  -\xmeel  is 
usually  arranged  for  operation  by  hand  through  worm  gearing  operated  by  a  lever  with  pawl 
and  ratchet  arrangement,  or  by  some  similar  device.  In  some  cases  the  engine  is  turned  by  a 
hydraulic  }ack  placed  under  a  movable  chock  piece  located  in  sockets  cast  in  the  turning  wheel, 
lliis  chock  is  shifted  from  one  socket  to  another  as  the  jack  shoves  it  upward,  and  uius  the 
engine  is  slowly  turned.  In  small  engines  the  turning  wheel  is  often  simply  a  form  of  gear 
wl^l  with  shallow  teeth  in  which  a  pinch  bar  is  worked,  and  by  this  means  the  *^gfTif>  may 
be  slowly  pried  around.    Such  a  wheel  is  known  as  a  pinch  wheel. 
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and  both  floating  in  a  square  steaiil  tight  box  or  cylinder,  and 
being  guided  in  their  movements  by  the  crank  on  the  end  of 
the  driven  shaft.  In  construction  the  inner  piston  has  removable 
shoes  which  can  be  adjusted  to  compensate  for  wear,  when 
necessary,  and  the  cyhnder  is  also  provided  with  adjustable 
wedge  for  the  same  purpose. 


befora  eommencine  work.    As  soon  as  the  metai  is  warm  the  engine  wUi  start  readily.    Do 
not  pry  or  try  to  lorce  th<  piston  over  till  this  is  doiu. 

The  inner  piston  or  cross  head  has  cored  through  its  body  four 
ports  leading  to.  the  four  sides,  which  communicate  with  ports 
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cut  in  cover  or  cylinder  head  of  engine.  This  engine  is  suitable 
for  operating  blowers,  ventilating  fans,  centrifugal  pumps  ot 
other  small  power  applications  where  high  speed  operation  is 
required,  the  small  ntimber  of  reciprocating  parts  adapting  it 
to  this  service. 

Rockli^  Valve  Engine.— 

This  type  of  engine  is  intended 
to  meet  the  demand  for  an 
engine,  where  heavy  duty  is 
required,  and  where  economy 
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Figs.  1.287  to  1^1.— 

Parti  of  Dake 
•quire  pBtoo  en- 
gine. 1.  cylinder;  2. 

head;  3,  bock  ham 


t^2.(^j>per^l^ 
j\  lever;  15,  valve  aiiii 


buahing    of    crank 


Flos.  1,303  kod  1.303.— SectionBl  viewa  of  Colt  due  engine.  In  eontlriietUm,  the 
body  of  the  eDsioe  coniiits  of  odb  autine.  containint  six  cylinder!,  arranged  in  a  drcli 
panllet  with  one  another.  The  piitoni  A,  take  the  form  of  a  hallow  plunser.  one  ead  te 
atin^  in  a  blunt  cone  which  beui  continuouity  against  tbe  periphery  of  the  disc  B. 
an  Hucte  acting,  being  nibject  to  iteam  pnaiure  upon  the  flat  end  only.  Steam  is  adn 
•ucceenvely  to  the  ilx  cylinders  from  the  Xeam  dieit  C.  thiee  pistons  being  constan 
action  at  different  points  of  the  strolte,  thereby  imparting  a  uniform  rolling  motion  1 
conical  diac  B.  which  ia  steadied  at  ''    ---'-    <--.  -.■--  l-ti  — j  — ,..^  ..■  .^  tv    .    . 


thcM 


ts  the  baUai 


ralve  K.    The  \ 


i  plate  E. 
>int  p.  froi 


The< 


.e  full  tt 


of  the  pi 

Bcurely  filed  in 


6  pott  face  and  a  balance  pUle. 

ntiic  motion  of  whii^  alternately  opens 

led  by  the  inside  of  the  valve  rino.  and  t 
ne,  Biid  is  finally  discharged  by  the  eihai 


thee 


circle, 

shaft  H.     The  shaft  H, 

steam  tight  but  perfectly 
admitted  to  and  Hill  the 
of  the  valve  ring  K,  the 
iteam  ports,  snecessively 
the  eihaust  chamber  M, 
nga  into  the  body  of  the 
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valve  engine  has  long  been  recognized  as  one  especially  adapted 
for  saw  mills,  planing  mills,  etc.,  where  a  simple  engine  and 
one  capable  of  furnishing  great  power  is  desired.  The  design 
of  such  parts  of  the  frame,  outboard  bearing,  connecting  rod. 


Pic  1,304. — Southem  lodunc  valve  eo^e  for  heavy  duty  oa  in  saw  mills,  planing  milla,  etc. 

cross  head,  piston,  etc.,  are  of  ordinary  heavy  duty  fonn.    The 
cyhnders  are  provided  with  steam  and  exhaust  ports  of  large 

The  rocking  valve,  which  is  similar  to  a  Corliss  valve,  has 
large  wearing  surfaces.  The  cylinder  heads  and  valve  bonnets 
are  made  tight  by  ground  joints.  Fig.  1,304  shows  the  general 
appearance  of  a  rocking  valve  engine. 
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CHAPTER  22 


AIR  COMPRESSORS 


The  ever  broadening  field  for  the  use  of  compressed  air,  and 
the  rapid  increase  of  invention  of  compressed  air  appliances, 
have  produced  a  number  of  changes  in  the  design  of  the  earlier 
compressors,  the  scope  of  which  was  confined  almost  entirely 
to  mine  and  ttmnel  work. 

Compressed  air  is  used  in  almost  every  art  known  to  man, 
and  in  many  cases  its  use  depends  so  much  upon  its  economical 
production,  that  the  modem  compressor  must  embody  every 
refinement  which  has  proved  to  be  of  practical  value. 

The  Compression  of  Air. — ^When  the  space  occupied  by  a 
given  volume  of  air  is  changed,  both  its  pressure  and  temperature. 
are  changed  in  accordance  with  the  following  laws: 

Boyle^s  law:  At  constant  temperature,  the  absolute  pressure 
of  a  gas  varies  inversely  as  its  volume, 

Charles'  law:  At  constant,  pressure,  the  volume  of  a  gas  is 
proportional  to  its  absolute  temperature. 

In  the  ordinary  process  of  air  compression,  therefore,  two 
elements  are  at  work  toward  the  production  of  a  higher  pressure: 
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1.  The  reduction  of  volume  by  the  advancing  piston; 

2.  The  increasing  temperature  due  to  the  increasing  pressure 
corresponding  to  the  reduced  volume. 

The  application  of  the  two  laws  is  illustrated  in  fig.  1,305, 
which  shows  a  cylinder  fitted  with  an  air  tight  piston.  If  the 
cylinder  be  filled  with  ok  at  atmospheric  pressure  (14.7  lbs. 
per  sq.  in.  absolute)  represented  by  volume  A,  and  the  piston 


t 


JvOL. 


UNITY  VOL 


Fig.  1,305. — ^Blementary  air  compreaaor  illuatratins  the  phenomena  of  compression 
in  Boyle's  and  Charles'  laws. 


as  stated 


fee  moved  to  reduce  the  volume,  say  to  J^  A,  as  represented  by 
B,  then  according  to  Boyle's  law  the  pressure  will  be  trebled  or 
=  14.7X3=44.1  lbs.  absolute,  or  44.1-14.7  =  29.4  g^uge 
pressure.  In  reality ^  however^  a  pressure  gauge  on  the  cylinder 
would  at  this  time  show  a  higher  pressure  than  14.7  gauge 
pressure  because  of  the  increase  in  temperature  produced  in 
compressing  the  air. 

Now,  in  the  actual  work  of  compressing  air,  it  should  be  care- 
fully noted  that  the  extra  work  which  must  be  expended  to  overcome 
the  excess  pressure  due  to  rise  of  temperature  is  lost,  because  after 
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the  compressed  air  leaves  the  cylinder  It  cools,  and  tke  pressure 
drops  to  what  it  would  have  been  if  compressed  at  constant  temper- 
ature. 

Accordingly,  in  the  construction  of  air  compressors,  where 
working  efficiency  is  considered,  some  means  of  cooling  the 
cylinder  is  provided,  such  as  projecting  fins,  or  jackets  for  the 
circulation  of  cooling  water. 


Fig.  1,308. — Snlliviui  iteam  dnven,  dinct  connaclad  lingle  itage  tit  compreHor  on  sub-buo. 

Ques.    What  is  "free  air"  ? 

Ans.     Air  at  ordinary  atmospheric  pressure  and  temperatiu^, 
whatever  these  may  be. 

NOTB.-^Ia  air  comprenor  problABa  careful 

praMnra  and  mbtotutt  pmurt,  ths  foiicer  bw...  — 

gSD^,  u  datiiiBuiahcd  Irom  *bsolatc  pmnin  irtiich  ii  tha  gani 
the  mJBht  of  ths  atmoulMn  at  *b  tevtU  ybiea  tiu  bamnetor  n 
eahmUeDBa,  14.7  IbUT^ 


AIR  COMPRESSORS 


«;.  1.307. — Air  eomi>rtMlom!haraetBlttle»!  curves  showing  the  theimal  mult  of  air  com- 
pnsion  and  expanaion.    Th«  aimpleat  ap^Hcatioii  of  this  diagram  ia  that  which  gives  the 

lines.  Butincomprcasiogair,  heat  iaproduccd,  and  it 'is  important  to  know  the  tcmHratim 
at  any  ffiycn  pressure,  also  the  relative  volume-  All  of  these  are  shown  in  the  diawam. 
The  initial  vofume  of  air  equal  to  one  is  talcen  and  divided  into  ten  equal  parts.  Bsch 
division  betwran  two  horiionlal  lines,  shown  by  the  figures  at  the  right,  representing  om- 

preaaures  and  temperatures.  The  fipires  at  the  top  indicate  premuie  ia  atm<«phet*i 
'    above  a  vacuum^  the  corresponding  ngurcs  at  the  bottom  denote  pressures  by  the  gaoce. 

At  the  right  are  voluines  from  one  tenth  to  one;  at  the  left,  degiees  of  temperature  frran 
.    sero  to  I.OOO  degrees  Fahr.    The  two  curves  which  begin  at  the  upper  left  hand  comer 

snre  curve  uninfluenced  by  beat.  The  three  curves  which  begin  at  the  lower  left  hand 
comer  and  rise  to  the  right  aie  heat  curves,  and  represent  the  increase  of  temperature 
corresponding  with  different  pressures  and  volumea,  afisuming  in  one  case  that  the  temper- 
ature of  the  air  before  admission  to  the  compressor  is  icro.  m  another  00  degrees,  and  in 
another  100  degrees.    Beginning  with  the  adiabatic  curve,  it  will  be  noted  that  for  one 

line  at  a  point  between  -fl  and  .7  volume,  the  gauge  pressure  being  14.7  pounds.  It 
it  be  assumed  that  this  air  was  admitted  to  the  compressor  at  a  temperature  of  sero.  it 
will  reach  about  100°  when  the  gauge  pressure  is  14.7  pounds.    If  the  air  had    beea  ad- 


it ia  about  370*,  utd 


u  MO",  "ft  will  be  observed' 

indicating  that  when  free    '    '       '    ' 


tero  widi  the  compicsiion  i  ... 

rm.  aar,  1  atmoopben  to  10  atmoo^iBrea,  tl 
''"  ItXr,  bat  now  b«ea  aboBt  domUed;  that 
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The  Heat  of  Compression. — This  subject  has  probably 
i^ceived  more  consideration  in  air  compressor  design  than  any 
other.  The  principal  losses  in  the  earlier  compressors  were 
traceable  to  this  source. 


ve  in  ail  detenninaiiona,  eicept 
_  ....  be  found  convenient  to  those 
at  pDint«  in  the  stroke  of  an  air  ccm^ 


wben  tb«  proBum  on  the  b^q^  will  n 
wheM  ttaa  BWuA  icaches  26.1  pounds,  a 
-■-  -ueh  farther  in  reachin 


Dmnniia  of  the 


flywheels  in  air  compresBoxt. 
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By  reference  to  a  table  giving  the  temperatures  at  end  of 
compressioa  for  various  terminal  pressures,  it  is  seen  that  aside 
from  the  injurious  efEect  such  high  temperatures  would  have 
on   the   lubrication    of  the  cylinder  and   valves    of   an    aii 


'las.  l^ieto  1,330- — PirCa  of  InaemH-SAnd  Impciuldfrtcf  WtdiicliarfoalHuulAaenibly. 
The  v«Jve  proper  it  mschinedf  rom  sttel  and  ground  u>  bmI  :  the  projecting  Up  or  nm  above 
the  Kat  ii  cai^ht  in  the  bacic  laih  of  the  comprened  air  when  the  puton  itopa  tod  UVIQ 
theeprinsiD  dounji  the  aeat  quickly.    The  valve  la  cup  ihaped. 


;o  1,323.— IngeraoU-Rand  dlncl  Ml  initl  n 

jtiaaelf-contain-'  " ' "- 


compressor,  the  thermal  loss  would  grow  as  the  pressure  increased, 
if  no  means  were  provided  for  abstracting  this  heat  during  com- 
pression. It  should  be  noted  that  the  heat  of  compression,  as  al- 
ready explained,  represents  work  doneuponthe  air  for  which  thereis 
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usually  no  equivalent  obtained,  since  the  heat  is  all  lost  by 
radiation,  before  the  air  is  used. 

Simple  Compression. — In  the  earlier  compressors,  compres- 
sion was  accomplished  in  one  stage  or  single  cylinder  machines. 
and  the  heat  of  compression  was  removed  by  injecting  water 
into  the  cylinder  in  the  form  of  a  spray;  or,  in  another  type, 
the  water  was  used  as  a  piston  for  compressing. 


vea  aingle  stage  air  compressor.  It  is  of  the  center  crank 
ink  thaft  and  fly  wheels  at  one  end  of  the  raacbine,  and  the 
I  other  or  rear  end.  A  {:ylindrical  tie  piece  joins  the  ateam 
ir  ia  supported  on  a  aub-baae.  lendcting  it  self-contained. 
s  poppet  inlet  and  discharge  valves.  The  valvea  an  aet 
he  inlet  valves  at  the  bottom  and  the  discharge  TSlves  at 
alves  act  la  a  ladial  direcUon  to  the  cylinder  axis  thua 

'y  sub-base.    The  rest  end  ia  flanged  tor  the  alt»ohnwot 

^ ._ _.  , iniabMedTyh^'rielliytdMmara^ldefor'tEectoaa 

,    A  abeetateelgnaid  surrounds  the  crank,  to  prevent  oil  being  tbrowa  upon  the  floor. 

The    spray  injection    cylinder   has  now    given  way  almost 
entirely  in  this  country  to  the  dry  or  jacketed  cylinder. 

Ques.    What  are  the  features  of  the  spray  injection 
process? 

Ans.     A  higher  thermal  efficiency  may  be  attained  than  by 
the  dry  process,  but  from  a  commercial  point  of  view  its 
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efficiency  is  not  so  high,  for  the  water  in  the  cylinder  prevents 
proper  lubrication. 

Impurities  in  the  water  also  attack  the  walls  of  the  cylinder,  calling 
for  repeated  reboring  of  cylinder  and  other  heavjr  repairs;  the  heat  absorbi 
considerable  of  the  moisture  and  this  is  deposited  in  the  delivery  pipe 
where  it  freezes  in  cold  weather  and  restricts  the  passage  of  air,  or  it  is 
carried  to  the  motor,  where  it  chokes  the  exhaust  ports  Dy  reason  of  low 
temperatures  resulting  from  expansion. 

Ques.  What  are  the  features  of  the  dry  or  jacketed 
compressor  process? 

Ans.  In  this  system  the  external  walls  of  the  cylinder  are 
flooded  with  cooling  water  which  keeps  the  cylinder  walls  suffi- 
ciently cool  so  that  proper  lubrication  is  not  interfered  with 
and  all  other  disadvantages  of  the  wet  compressor  are  obviated. 

Compound  Compression. — The  efficiency  due  to  the  heat 
of  compression  decreases  as  the  terminal  pressure  increases, 
and  for  pressures  above  60  lbs.,  the  water  jacket  of  the  simple 
compressor  is  not  sufficiently  effective  for  producing  the  most 
economical  results,  and  stage  or  compound  compression  is 
resorted  to  as  the  most  practical  and  efficient  method  for  reduc- 
ing the  loss  due  to  the  heat  of  compression, 

Ques.  How  are  the  cylinder  diameters  of  a  compound 
compressor  proportioned  ? 

Ans.  They  are  so  proportioned  as  to  divide  the  work  of  com» 
pression  equally  between  the  given  number  of  cylinders. 

Ques.  Describe  the  cycle  of  compound  compression 
with  intercooling. 

Ans.  Free  air  is  admitted  to  the  low  pressure  cylinder,  where 
it  is  partially  compressed,  and  then  forced  into  an  intercooler. 
The  intercooler  acts  as  a  receiver  and  at  the  same  time  removes 
the  heat  of  compression  of  the  intake  cylinder  before  the  air 
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ics.  1^26  to  1,336.— CrouMCtumot  Ingcnoll-Rogkr  valve  4nd  putL  /n  CDiutruotfan  A 
i*  &  vmlv«  aait:  B.  the  valve  bolt;  C.  the  valve  bolt  out:  B.  ■  mbtt  placed  betwvea  ths 
valve  seat  and  the  valve  proper.  Fia  the  valve;  G a  waaherDlaced between  ths  valve  and 
ciiiliion iJate H.  Liithesi^d;  J. theTsIvemingi.pIacaluuide thclourpodcstsoCUu 
Baud  and  wbkli  act  on  ths  valve.  Waihen  B  ud  C,  valve  F,  and  itop  idate  H  an 
danmed  by  meaju  of  valve  bolt  B  and  kept  tniin  turning  by  a  dowel  pin  D.  The  portion* 
M  of  the  valve  P  are  intcgia)  ipring  arma.  The)'  are  HROnd  to  about  halt  the  Ihickoai 
of  the  valwt  moper,  and  are  made  narrow,  sivins  elaaticitv.  The  portiona  M  ol  the  valv* 
F aie iotesial ^Hing anna.  Tbsy arecioundtoabouthalf thetbickiKiaorthe vatveproHr 
•nd  Bie  made  nanow,  giviog  them  great  elaiticity.     Tluse  portiono  M  ghndd  ncrt  ba 


and  the  moving  Mctioni  of  the  vMve  and 

.. -_^ .^j^   Wilhvalvei-- 

a  of  the  integral 


.  in  its  seat  by  the  ^ur  main  ■piin^j. 

_. . , ^ JT  coil  iphnn  to  very  neariy  iM.M 

comes  in  c(Bitact  with  the  cnihion  plate  U  and  movea  the  lait  ^■,mch 

travel  againBt  ita  additional  q>nng  tanaion,  the  cmhian  plate  havutg  ■ 

It  ot  elutidtir.  It  tMiiu  fined  in  the  canter  only.    Wben  the  piiuin  paase*  the 

D  the  rgtnm  atnke,  t£e  valve  clcec.  llie  (unction  td  the  cnihJMl  yiate  1«  to 

act  a<  a  boffer,  abaorUns  ac"  *' — '--•—■  ^'-j—  — i— j— •_"  — .1 1 —  ..1 1 — 

the  life  of  the  valve  and  rei 


!k  that  ought  othenriM  (all  on  the  valve,  thua  pnloofiBg 


JB 
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m  end  o(  Sullivan  two  atagft  a 


loffl)vaii)ijiUblelai)iif 

tho  ridioB  valve.  The  fmmo  is  a.  heavy  box  shaped  casting  atronglji  ribbed  and  eitendiiig 
the  full  Tonalh  of  the  compressor.  A  solid  bottom  is  provided  under  the  steam  end  for 
collecting  oil  and  drippings  trom  the  steam  cylinder  oias  head  smdes  and  steam  valve  gear. 


Pre.  1,338.— Sectional  view  of  air  end  of  Sullivan  two  atagE  air  compresaoi  ahowing  Cotliaq  type 
air  valvea,  intercooler,  etc.  The  inlet  valves  on  both  the  high  and  low  pressure  air  cylinders. 
Meoftherotarytypcaai  receive  their  motioafrom  an  eccentric  pm  located  in  the  end  of  an 

with  the  ipHnjra  inaide,  bo  that  Uie  springs  cannot  become  clogged  by  accumulation  «  ou 
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is  admitted  to  the  second  stage  cylinder.  In  the  high  pressurs 
cylinder  the  process  of  compression  is  completed  and  the  air 
is  delivered  to  the  receiver  at  the  required  terminal  pressure. 


^Uoder.  For  instance,  in  compressing  air  to  100  pounds  pressure  in 
a  two  stage  compressor,  the  air  is  compressed  from  atmospheric  pres- 
sure to,  say,  26H  pounds  in  the  intalce  cylinder  and  is  delivered  to  the 


pTBHor.  Probably  tbe  UrgMt  demand  lor  high  air  presrarea  oomea  Irom  Ihe  nuntns  uid 
coDCnctins  fields  when  pneitmatic  haulage  ja  emplayed.  Scientific  and  experinustiil  met 
ciJlaforaul  hiaherprenumintiracdffaaAud  tnoU.S.  GovDiimicDt  iuc«  high  promre 
mir  for  a  varietl' of  piupoee. 

intercooter  at  this  pressure  and  at  240°  Pahr,  •  (atmospheric  temperature 
at  60°  Fahr.).  Ii  all  of  the  heat  of  compression  be  takeD  out  by  Oie 
intercooler,  it  is  admitted  to  the  high  pressure  cylinder  at  atmospheric 
temperature  and  is  there  compressed  from  26^  pounds  to  100  pounds 
and  delivered  to  the  recdver  at  240°  Fahr.* 

In  a  single  stage  compressor  the  air  is  compressed  from  atmospheric 
pressure  to  100  pounds  in  one  cylinder  and  reaches  the  receiTer  at 
482°Fahr.' 


■  NOTB. — Radiatloa  aad  oooUiis  infiuence  of  water  jacket  not  conulend. 
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Pig.  1341. — CompM^oa  cnrvvt.  It  the  beat  of  cosipnssion  be  removed  u  fast  ta  SBnerated, 
and  Uie  compnsaioa  proceed  under  a.  uniform  temperature,  it  is  said  to  be  Uatlitrmiil, 
and  tbe  comprenian  curve  fidlowe  the  line  A  B  C  in  the  diagram.  If  the  isothermal  com- 
pression  of  au-  wen  practicable,  end  if  the  heat  absorbed  fiom  tbe  air  by  the  cooliiu  agent 
could  b*  apptiaA  to  the  air  duimg  iU  re-expansion  in  uae  along  a  aunilai  uotbermaTcurve. 
the  iMult  would  be  perfect  thenno-dynamio  efficiency,  and  it  is  toward  an  approiunats 
reslimtioa  of  these  ideal  CDoditians  that  the  beat  compresBor  i«actice  is  directed.  The  line  . 
A  D  E  in  the  diagram  repieients  the  other  eitreme,  or  adiaialic  campreasion,  during  which 
no  beat  is  removed  from  the  air,  and  in  consequence  of  which  the  temperature  rises. 
Since  a  (iven  weight  of  air  at  a  given  preEsure  occupies  a  volume  proponional  to  its  abso- 
lute temperature,  the  volumei  at  all  pressures  ate  greater  in  adiuiatic  tban  in  isothermal 
compiession  in  a  ratio  jncreaung  with  the  preisare,  and  ^nce  the  worlr  of  compnnaion  and 
discbuse  is  represented  b^  the  area  in  the  diagram  to  the  rii^t  of  the  curve  along  which 
compresnouiseccompUslKd,  itwillbeseen  that  theareaA  D  £  C  B --—-■' ''-'^■- 


,.jnoiiueccDmplulKd,  itwillbeai ..._ 

<<  energy  caused  by  allowing  tbe  best  of  compressioa  to  remain  in  the  air.  ThapmbUi 
uamom^i  therefore,  becomes  one  of  the  abstraction  of  the  heat  ^neratedin  the  air  dunng 
tbe  proceia  of  compranion;  and  tiie  most  obvious  solution  lies  m  keeping  the  air  during 
**-  St  period  ittiotimate  contact  with  cold  water,  /n  Ihe  marlu  dai/totilon  runningmachines 
'-'--*"-,  of  awaterspiBr  into  the  cylinder  was  attended  witti  succeaa,  but  Uie  danger 

.^ , icabilitr  of  siuA  a  method  with  modem  speeds  must  be  sppsrent,  and  have  in 

fact  ouned  the  dinet  may  to  be  generally  discarded.  As  a  partial  substitute  for  the 
injection  of  water,  good  practice  requires  uie  mter  jaeketln^  of  the  air  cylinder,  but 
owing  to  tbe  short  interval  within  iriuch  compression  taliea  place,  there  is  very  Uttle  actual 
cooUng  of  tbe  air  thenin,  and  the  jackets  are  chieHy  useful  in  keeping  the  cylinder  walls 
cool  eneu^  for  affective  lubrication,  and  in  the  pieventian  of  cumulative  heating.  At 
ofdinary  speeds,  the  indicator  card  from  an  air  cylinder  in  good  condition,  shows  a  compres- 
^on  line  approaching  the  adiabatic  curve  A  D  B  much  more  closely  than  the  isothomal 
A  B  C.  BO  (joedy  indeed,  that  within  the  usual  and  proper  ranges  ot  ma^  cylinder  com- 
pmakm,  I>0  great  error  is  introduced  by  rsiarding  the  compresstoa  as  adiabatic.  Any 
claims  as  to  appraiimately  isothermal  single  stage  compression  must  attract  suspicion 
irtiether  sappo^ed  by  cards  or  not.  since  such  cards  can  be  based  only  on  abnormally  slow 


-tely  single  t-^_, 

DECB.   The  saving  effected  by  two  stage  ci 
"e  unshaded  portion  D  E  H  "      '-   '- 
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fully  open ,  at  mid- 
■stroke,  durioa  which  the  piston  ia  traveliiuE  at  ita  highest  speed,  they  rerruLia  at  rest  or 
nearly  so,  so  that  the  cvlinaer  will  be  filled  with  ail  at  ptacticftUy  the  full  banHnetcic  picnon. 


pressor  showing  Bt«flm  valve 
Then  an  two  fly  wheels,  one  o 
end  oC  the  shaft  as  shown. 
baUnced  slide  valves  are  opera 

between  the  mam  bearings  tt 

of  the  bed  plate. 
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Ques.   What  is  the  principal  advants^e  of  compound 
compression  over  simple  compression? 

Ans.    Tlie  reduction  of  the  loss  due  to  the  heat  of  com- 


Other  important  advantages  due  to  oranpounding  may  be  enumKated 
asfollowB: 


Pie.lMi — Run)  *fr  cylloder  dxnrins  coDtiDl  devica.  UrtloadtHg  dmiet  Tbeapocdof 
B  belt  driven  air  compresior  cannot  be  controlled  the  nnie  aa  that  o[  a  ataam  drivea 
macbine;  itt  Kgulation muiC beaccomiiliahed utherby  throwiog o9  the  load.or  1^  itoppuy 


daring  the  intervals  warn  there  ii 


biglv  on  bolt  driven  compreason  a  device  a  pmrided  called  an  nafcudtr,  lAiCh  la  placed 

in  the  air  inlet  pipe  eloae  to  the  intake  cyliiider.  and  -"'"«'<■  the  iiiiiiiuiiaiiii  li "'-- 

oS  the  ntpplv  a  air.    When  the  nnloader  a  in  action,  oo  work  is  done  hv^the 


cusptine  that  secnsary  to  overcome  frictioa.    RmBmf  mlarlint  boIwi   This  device  is 
lued  OB  corapreaaon  emploving  poppet  inlet  valve*.    One  is  tdaced  in  each  bud  and 
■crew*  with  a  laiurled  hukdle.  threaded  into  an  inlet  valve  botutet.  and  when 
it  forces  the  inlet  valve  from  its  seat.    By  thus  hotdins  an  iidst  valve  opes 

.J    .t y  ^  Started  without  load,  and  when  Inll  speed  is  »t- 

SDd  the  compressor  psmilttad  to  perfonn  it*  ngular 

1.  Cooler  intake  air; 

2.  Better  lubrication; 

3.  Reduction  of  clearance  IcGses; 

4.  Lower  maximum  strains  and  nearer  tinlform  resistance. 

The  temperature  of  air  leaving  the  intake  cylinder  being  low,  Uie 
Dooling  influence  of  the  jacket  is  better,  the  cylinder  walls  are  cooler 
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betwem  stn^es,  and  the  air  cnt«fs  the  cylmder  cooler  than  in  a  sioKle 
st^e  compressor.  The  lubricant  for  cylinders  and  valves  is  not  subject 
to  the  potiicious  influence  of  high  temperatures;  and  the  clearance 
loflsea,  or  losses  due  to  dead  spaces,  are  less  in  a  conipound  compressor 
than  17  a  simple  compressor.  Clearance  loss  in  an  air  oompresaor  is 
principally  a  loss  in  capacity,  and  tiierefore  affects  only  the  intake  cyl- 
inder: it  increases  wiUi  the  terminal  pressure,  but  since  the  t— -•— ' 


mperUl  unloader.    II  opfralm  br  clodng  tb«.ur  iotalrB,  and 


EAlce  pipe.  noimoU/  hekl  open 

normiJ  Ihk 

._  ^ ,^ ngulatiijjf  valve,  acting  to  _„ 

pipe,  tinu  ihuUbic  off  the  air  tapfiy.    The  Rgulatjna  vatn  ci 


by  its  f^^™>^    '^™  ncmnx  prMtore^riw*  abov*  normal  this  prea 


looicatcd  thiDui^  a  imall  pipe  bom  the  n«ulatmB  valve,  actinc  to  cloae  tba  valve 

„:_^_, 1__   ... ......f " '*io  air  »«^ply.    Theft-'-' ' .--  --■-^ 

oC  a  spnng  adjuflttog 


NOTE, — Aiz  coiniirewir  buQdeni  and  Cho»  who  UM  comptnaed  ail  WiU  agcee  that  tba 
problem  of  heatiof  or  cooliog  air  id  a  difficult  one.  Hot  air  in  the  cylinder  of  an  air  conw<BNor 
meiuis  a  reductioa  in  the  efficiency  of  the  machine.  The  trouble  is,  tbat  there  is  not  adfioellt 
time  during  the  stroke  to  cool  thoroughly  by  any  availabb  meaiu.  Water  jaclatincia  the 
i^Eoerally  accepted  practice,  but  it  does  not  bv  any  dhuu  effect  thorough  cooling,  ^ho  air 
in  the  cylinder  is  bo  large  in  volume  that  but  a  Iractton  of  its  surface  is  brought  in  contact  with 
the  jacketed  parte.  Alt  is  a  baC^  ^^™'^i'^^^^  °"^*^^  '^  take*  time  to  change  ita  tempcfatun. 
The  piston  while  pushing  the  air  toward  the  head,  rapidly  tfrivei  it  Kway  from  the  jacketed 
aorfacea  ao  diat  little  or  no  crrnling  takea  [dace.  This  is  eipeaally  *"■"  n'  tmn  nrlindvprw  whAn 
the  economy  effected  by  water  jackets  is  conaderably  leaa  than  u 

who  are  ibown  indicator  cards  from  large  air  compreason  with  ^ 

from  the  adiabatic.  natuiallv  regud  them  with  mapidxM,  noA  look  for  le 
or  tfarou^  the  valve*.    Sudi  leaks  will  explain  many  i»therinal  card-   - 

n  the'lact  tt. 

-_ , te  bdog  comprcned  ia  brooKhtiit 

ct  with  a  laigei  pecoentage  of  jacketed  rattacn. 
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NOTE. — Since  the  power  driven  compressor  is  almost  always  a  constant  speed  machine 
various  methods  of  regulation  are  employed.  Constant  speed  means  constant  piston  dis- 
placement; the  problem  of  delivering  a  variable  volume  of  air  with  constant  piston  displace- 
ment, becomes  one  of  making  a  portion  of  that  displacement  non-effective  in  uie  compression 
and  delivery  of  air.  Only  the  fundamental  principles  of  several  methods  of  accomplishing 
this  will  here  be  discussed. 

NOTE. — The  Arat  method  is  really  ooe  of  unloading,  rather  than  of  xvgtilating.  A 
pressure  controlled  mechanism  is  arranged  so  that  when  pressure  exceeds  normal  a  communication 
is  opened  between  the  two  sides  of  the  compressing  piston.  Usually  this  is  acoompHdied  by  open* 
ixig  and  holding  open  one  or  several  of  the  discharge  valves  at  both  ends  of  the  cylinder,  the 
air  is  then  simply  swept  back  and  forth  from  one  side  of  the  piston  to  the  other  through  the 
open  valves  ana  the  air  discharge  passage.  When  normal  pressure  is  restOfed,  the  valves  are 
automatically  closed,  and  compression  and  delivery  are  resumed.  Evidently  this  is  practically 
a  total  unloading  of  the  machine  for  a  longer  or  shorter  period — a  suddeo  release  from  load 
and  a  sudden  resumption  of  load.  Moreover,  the  air  which  is  swept  back  and  forth  by  th4 
piston  in  its  travel  is  air  under  full  pressure;  so  that  when  the  discharRe  valves  suddenly 
close,  the  piston  at  once  encounters  a  full  cylmder  of  air  at  maximum  preawue.  These  facta 
limit  regojators  of  this  class  to  m«chin<*s  or  comparatively  small  capacity. 

'  NOTE. — The  eeeorui  method  provides,  by  means  ^  a  pressure  operated  derice^  for  ik§ 
partial  or  total  closing  qf  the  compressor  intake  under  reduced  load.  To  avoid  the  daniBers  at> 
tendant  upon  such  an  operation  acting  suddenly,  these  devices  are  provided  with  some  damp* 
ing  mechanism  so  that  tney  are  compelled  to  operate  slowly,  making  the  release  or  restimptioa 
of  the  load  gradual.  The  cutting  down  of  the  air  intake  results  m  a  rarefication  of  the  air 
entering  the  cylinder,  and  a  greater  range  between  initial  and  disduurge  prrasures.  with  • 
pCTrespoiidtnff  increase  in  the  range  of  temperatures.  This  method  of  regulation,  taeiefors* 
is  not  saitabte  for  very  great  loacT  variations* 

NOTE.— The  third  method  is  very  similar  to  the  first,  «iccpt  that  here  the  inlet  MHwf  » 
instead  of  thedisckarM  valves,  are  held  open  when  the  machine  is  unloaded,  the  piston  thus  simp 
pi  V  drawing  in  and  forcing  out  air  at  atmosphoic  ineasure.  It  is  open  to  the  same  criticiflBi 
(though  in  somewhat  less  degree)  as  the  first  meuiod,  nunely,  undue  shock  and  strata  on 
release  and  resumption  of  load. 

NOTE. — The  fourth  method  uses  a  pressure  controlled  valve  on  the  compressor  dischare/t 
of  single  stage  machine,  combining  also  the  functions  of  a  check  valve  to  limit  the  escape  of  w 
from  the  receiver  or  air  line.  Excessive  pressure  blows  the  discharge  to  atmoqphere^  instaed 
of  into  the  line.  This  arrangement  is  also  used  on  two  stage  machines  by  piaciag  it  on  the 
kyw  pressure  dischanare  to  the  intercooler.  Then,  when  the  governor  valve  is  opened  by  exceas 
pressure,  the  low  pressure  cylinder  discharges  to  atmosphere,  and  the  high  pressure  cyltndor 
acts  simply  as  a  low  pressure  cylinder  with  intake  at  atmospherio  pressure.  This  device  k 
more  of^a  relief  valve  than  an  unloader,  for  the  piston  must  continue  to  compress  to  a  prtth 
■ore  whidi  wiU  open  the  discharge  valves;  this- volume  of  compressed  air  is  wasted. 

NOTE.— nils  Hfth  methtMi  provides  auxiliary  clearance  spacesjor  Pockets,  at  each  end 
of  the  cinder,  which  ere  sufcessively  "cut  in'*  as  had  diminishes.  The  excess  air  is  simplir 
compraned  into  these  clearance  spaces  and  expanded  on  the  back  stroke.  The  capacity  oi 
the  ^linder  is  reduced  without  any  appreciable  waste  of  power;  for  the  energy  used  in  coodn 
pressinff  the  deaxance  air  is  given  back  by  its  «cpansion. 

NOTE.— On  power  driven  eomstreeeorm  with  OorUss  intake  vmioee,  several  different 
methods  of  unloading  or  regulating  are  used.    B0  one  method,  the  Corliss  vahe  is  held  open    | 
for  the  full  admission  stroke,  and  also  for  a  part  of  the  compression  stroke,  this  latter  poruoQ     f 
being  determined  by  the  unloading  ouled  for.    Evidently  this  is  practically  equivalent  to  a 
shortening  of  the  stroke  of  the  compressor.    B9  emother  nnethod  the  Corliss  intake  vahe     • 
is  opened  fuU  at  b^inning  of  admission,  Imt  closes  later  in  the  admission  stroke.    The  air  ad- 
mitted to  that  point  is  expanded  or  rarefied  for  the  remainder  of  the  compression  stroke,  and 
then  compressed,  the  volume  of  compressed  air  delivered  being  of  course  reduced.    This 
arrangement  is  piroductive  of  an  excessive  temperature  range  in  the  cylinder.    Still  a  third 
method  opens  and  kolds  open  the  intake  valves  at  the  end  of  the  cylinder,  or  at  opposite  ends 
in  duplex  machines.    The  dffect  of  this  is  to  make  ineffective  one  out  of  every  two  strokes. 
If  still  further  unloading  be  necessary,  the  intake  valves  at  the  other  end  of  the  cylinder  or 
cylinders  are  opened  and  held  open.    The  three  arrangements  just  outlined  all  opeiate  by  a 
pressure  controlled  mechanism  which  actuates  some  form  of  trip  on  the  Cortiss  air  valve 


NOTE. — ^Three  things  are  to  be  avoided  in  the  successful  unloader  or  regulator  for  powei* 
driven  machines;  &st,  a  sudden  release  or  resumption  of  load^  throwing,  heavy  strains  on 
the  madiine:  second,  undue  rarefication  of  the  intake  air,  resulting  in  a  wide  range  of  cjdin" 
der  pressures  and  temperatures;  third,  the  blowing  off  of  compressed  air  to  the  a1 
"'*"  a  waste  of  power. 
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J  pressure  of  a  simple  oompressor,  the  volu- 
metric efficiency  of  the  compound  compressor  is  greater  than  that  of  the 
simple  compressor. 


Intercoolers. — ^A  properly  designed  intercooler  should  reduce 
the  temperature  of  the  air  back  to  the  original  point,  that  is, 


Pics.  l,34e  and  1,317.— Sullivan  intercooler  tubes  sod  ehell.    The  intercooler  coiuiita  of  ft 
or  Bluminuni  tubes  through  which  the  cooling  water  circulates.,   Suitabb  baffles,  pbicod 

before  entering  the  high  pressure  cylinder.  The  intercooler  shell  is  so  arrsni^  Uist  hy  n- 
moving  the  heads,  either  of  the  two  nests  nf  tubes  may  be  drawn  from  the  intercooler  for 
cleaning  or  repairs.  The  tubes  are  firmly  expanded  into  the  tube  heads  at  each  end.  obviating 
the  use  of  packing  or  gaskets.  In  order  to  take  care  of  vaiiation  in  the  length  of  the  tubes, 
due  to  contraction  and  expansion,  the  intercooler  la  arranged  so  that  the  outer  tube  head 
o£  each  nest  is  firmly  bolted  to  the  end  of  the  intercooler  shell,  while  the  other  head  is  free  to 


NOTE.— It  b  usually  (tesirable  to  sUrt  a  jmwer  d riven jxmpresMr  with _no  load,  thtow 


_  .n.tlie  load  gradually  after  normal  speed  has  been  reached.     This  is  in  fact  n 

nucbinea  driven  by  electric  motors,  for  the  heavy  inrush  of  current  in  stortiiiff  under  load  is 
dangerous,  particularly  where  power  is  taken  from  a  transmission  circuit  lupplriny  other 


-e  on  the  line  close  to  the  comprcaor  protected  by  a 
r  to  prevent  the  return  of  ait  from  the  Hna  when  the 


■nitting  cutting  in  or  out  any  machine  without  unloadioj  the  ottun.  ^lia  by 
opened  on  starting,  when  the  compressor  simply  compreaiBi  to  ■  iKcanre  nm- 
L  its  dischaiga  valves,  this  air  escaping  to  atmosphere.    When  normal  ^taad  a 

re  i^scharve  to  ^le  line.     In  th 


A2R  COMPRESSORS  723 

to  the  temperature  of  the  intake  air.  It  can  even  do  more  than 
this,  especially  in  winter,  when  the  water  used  in  the  intercooler 
is  of  low  temperature,  A  simple  coil  of  pipe  submerged  in  water 
is  sot  an  effective  intercooler,  because  the  air  passes  through 
the  coil  too  rapidly  to  be  cooled  to  the  core,  and  such  inter- 
coolers  do  not  suflBciently  split  up  the  air  to  enable  it  to  be  cooled 
rapidly.    This  splitting  up  of  air  is  an  important  point.   A  nest 


I^c.  1.348.— logeraoU-F 

EOntsI  shell  supported  oa  cast  foot  sieces.    Air  inlet  and  disclurge ' 

tabes  enpandHi  in  steel  tube  plates    '        ■    -    '    - 

one  end.    Bsffle  plates  face  a  crosa 

tbe  top  of  the  one  end  of  the  after  ce 
tised  instead  of  brass  tubes.  These  pi 
and  BO  arranged  in  pain  that  water 
the  annular  space  between  the  inner 

NOTE.— H.  V.  Haight  in  Anuirkan 
ths  eScieacy  is  greater  the  more  nearly 
nppmaches  that  of  the  water  entering  it.  The  difference  of  these  tempeTaturea  for  given 
temneratures  of  the  entering  water  and  air  is  dimmiihed  by  increasingr  the  surface  c?  tha 
theieby  decreasing  the  ratio  of  the  quantity  of  air  cooled  to  the  area  of  cool* 

being  plotted,  approximate  to  a  atiaight  line  diagiani  for  which  the  following 


figures  are  taken: 

Co.  ft.  of  tree  air  per  minate  per  sq.  ft,  of  air  cooling  suifacs  . . . 

6 

10 

16 

Diff.  of  Temp.  F.hetweeti  water  entering  and  air  leaving 

... 

25° 

i7^ 
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of  tube  carrying  water  and  arranged  so  that  the  air  is  forced 
between  and  around  the  tubes  is  an  efficient  form  of  inter- 
cooler.  If  the  tubes  be  close  enough  together  and  are  kept  cold, 
the  air  must  spHt  up  into  thin  sheets  while  passing  through. 
Such  devices  are  naturally  expensive,  but  first  cost  is  a  small 
expense  when  compared  with  the  efficiency  of  the  compressor, 
measured  in  terms  of  coal  and  water  consumed.  Receiver  inter- 
coolers  are  more  efficient  than  those  of  the  common  type  because 


a.  1,349.— Horizontal  air  ncaven.    The  diadurae  from  a 

pulsating  in  charactfiT,  oad  the  receiver  is  anajofloo*  to  . 

nceires  and  absorbs  the  pulsationa,  deliveliiu  a  ■tstdv  Sow  t< 

withdrawn.    The  receiver  should  be  placed  aaclosBUpoeaibU  to  theoo.  ..        .  .. 

cooler,  and  it  ifl  aood  piactice  to  maLu  tlie  pipe  betveen  the  receiver  and  compreaBor  a 
Biie  lai^r  than  that  feavinK  the  receiver.  A  safety  valve  and  piMinre  eaa^  should 
be  provided,  and  when  the  receiver  ia  out  of  doora.  the  safety  valve  should  be  piped  back 

receiver,  and  since  cooling  involves  condensation,  the  receiver  should  prefenbly  be  placed 
out  of  doors,  vhere  its  cooling  effect  will  reduce  the  moiature  in  the  air,  A  drain  cock 
should  be  provided  at  the  lowest  point  which  should  be  opened  often  ior  the  discharge 
of  accumulated  wat^r.  Primary  or  main  receivers,  or  those  oext  to  the  compreosor, 
should  be  so  piped  up  that  the  air  wHl  enter  at  the  lop  and  leave  near,  but  a  little  above. 
the  bottom.  On  secondary  receivers  this  arrangement  should  be  reversed.  Ou  long 
pipe  line  syatems  amall  receiver,  or  moistum  traoa,  should  be  placed  at  the  low  point* 
m  the  lines,  the  piping  entering  and  leaving  at  the  top.  These  wiU  catch  the  moisture 
condensed  in  the  Imes,  which  ^ould  be  wiuidrawn  frequently  thiough  a  drain  cock. 


NOTE.— The  successful  intetcooler  muat  pmvide  for  a  complete  and  minute  lubdiviska 
ol  the  air  paaains  throueh  it,  that  the  heat  may  be  dissipated  without  any  dependence  Dpor 
the  heat  conducting  qualities  of  the  air  itself.  The  air  should  be  inilit  up  rata  thia  sheeta  o 
Btreams  ao  aa  to  disMpate  its  internal  heat.    Then  muat  be  an  ample  cooling  surface 
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the  air  is  given  more  time  to  pass 
through  the  coolii^  stages  because 
of  the  freedom  from  wire  drawing 
which  may  take  place  in  intercoolers 
of  small  volumetric  capacity. 

After  Coolers.— The  function  of 
an  after  cooler  is  to  reduce  the  tem- 
perature of  the  air  after  the  final  com- 
pression. In  doing  this  it  serves  as 
a  drier,  reducing  the  temperature  of 
air  to  the  dew  point,  thus  abstracting 
moisture  before  the  air  is  started  on 
its  journey.  In  cold  weather,  with 
the  air  pipes  laid  over  the  ground, 
an  after  cooler  may  prevent  ac- 
cimiulation  of  frost  in   the  interior 

PlC  1.350.— iDgenoII-RsiKl  vertical  typo  after  cooler, 
half  ia  Mctum.  /n  eonttructUtn,  it  has  a  shell 
or  body  made  of  eteet  throughout,  with  the  ei- 
eeptka  of  th*  bead,  which  is  an  iron  casting. 
Turned  bns  tubei  expanded  in  stfel  tube  plalea 
itaod  vertically  in  the  body  with  provision  for 
spanaonandcaotractionatthelaweread.  Water 
eaterc  M  &e  lower  end  of  tbe  neat  of  tub«  living 
at  the  top.  The  air  enten  at  the  top  or  head,  and 
kares  at  tbe  bottom,  surrounding  tbo  tubes  in 
transit  and  traveling  counter  current  to  tba  water. 
An  cfjen  fi*mel  m  the  water  discharge  ahom  tbe 
flow  of  water  and  permita  of  ita  proper  adjutaient. 
The  enUrgemeni  of  the  body  at  the  bottom  gives  a 
little  receiver  capacity  and  also  catches  the  coo- 
den«d  moisture  which  may  be  drained  off  at 
'-' da  against  the  etcape  of  water  whidi 


NOTB.— The  after  cooler  has  been  devised  to  perfoTm  the  cooling  and  dryliig  functions  by 
bringing  the  hot  moist  air  from  the  compressn-  discharge  in  contact  with  the  water  cooled 
surfaces  of  such  eilent  and  during  such  a  time  that  the  moistuie  in  the  air  will  be  condensed 
and  deposited  before  it  can  enter  the  distribution  ayatem.  Obviously  the  proper  prapor- 
tioning  ot  the  cooling  surface  and  air  velocity  to  volume  of  air  to  secure  complete  after  todi- 
mg  is  a  rather  compleic  problem  which  needs  a  wide  experience  for  its  best  solution. 

NOTE. — After  coolers,  with  adequate  cooling  surface,  and  properly  supplied  with  water, 
"  --''•----'  --  'L  temperature  of  the  compressed  air  to  within  l,**  or  20  degrees  of  that 
w.  ««  ,^»».^  _.»..  Obviously,  the  cooler  the  water  supplied,  the  more  complete  the  cool- 
ing and  drymg  eSected,  The  following  figures  Cac-ording  to  rngersoll-Rand)  are  based  on 
good  cooling  reaulta  with  air  at  80  to  ICO  lbs,  praasuie;  Wlien  the  lemperature  of  tbe  cooling 
water  is  SO.  60.  TO,  SO,  00  degrees  Fahr.,  the  gallons  per  hour  required  per  100  eobic  tsM  of 
fan  air  per  minate,  are  ivspectively  120,  140,  160.  180,  ZOO. 
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walls  of  the  pipes,  for  where  the  hot  compressed  air  is  allowed  to 
cool  gradually,  the  walls  of  the  pipe  in  cold  weather  act  like  a 
surface  condenser  and  moisture  may  be  deposited  on  the  inside, 
for  the  same  reason  that  frost  appears  on  the  inner  side  of  a 
window  pane.  Another  advantage  of  the  after  cooler  is  that 
it  keeps  the  temperature  of  the  pipe  uniform,  otherwise  this  pipe 
will  be  hottest  near  the  compressor,  gradually  cooling  down  and 
being  thus  subject  to  irregularities  of  expansion  and  contraction. 

The  Saving  Due  to  Compounding. — ^The  table  here  given 
will  serve  to  illustrate  the  large  saving  that  it  is  possible  to 

Work  Lost  in  Terms  of  Isothermal  and  Adiatiatic  Compression 


One  Stage 

Two  Stages 

Four  Stages 

Gfttt8« 

Percentage 

Percentage 

Percentage 

Ptm- 

of  work  lost 

of  work  lost 

of  work  lost 

of  work  lost 

of  work  lost 

of  woric  Idist 

•nxM 

in  terms  of 

in  terms  of 

in  terms  of 

in  terms  of 

in  terms  odf 

in  termi  of 

isothermal 

adiabatic 

iaothermal 

adiabatic 

isothermal 

adiabatic 

compression 

compression 

compression 

compxession 

compression 

oompnssioa 

60 

30.00 

23.00 

13.38 

11.80 

4.65 

4.45 

80 

34.00 

25.26 

15.12 

13.12 

5.04 

4.80 

100 

38.00 

27.68 

17.10 

14.62 

8.00 

7.41 

200 

62.35 

34.40 

23.20 

18.88 

9.01 

8.27 

400 

68.60 

40.75 

29.70 

22.90 

12.40 

11.04 

dOO 

83.76 

44.60 

32.65 

24.60 

16.06 

13.10 

800 

90.00 

47.40 

35.80 

26.33 

16.74 

14.32 

1000 

96.80 

49.20 

39.00 

28.10 

16.90 

14.45 

1200 

106.16 

61.60 

40.00 

28.60 

17.45 

14.85 

1400 

108.00 

62.00 

41.60 

29.40 

17.70 

15M 

1600 

110.00 

63.30 

42.90 

30.00 

18.40 

15.54 

1800 

116.80 

54.00 

44.40 

30.60 

19.12 

16.05 

2000 

121.70 

54.80 

44.60 

30.80 

20.00 

16.65 

NOTE. — In  the  above  table  no  account  is  taken  of  jacket  cooling,  it  being  a  well  known 
fact  among  pnetunatic  engineers  that  water  jackets,  especially  cylinder  jackets,  though  use- 
ful and  perhaps  indispensable,  are  not  efficient  in  cooling,  especially  so  in  large  compressors. 
Tha  volume  cu  air  is  so  great  in  proportion  to  the  surface  exposed  and  the  time  of  oompiea- 
•ion  so.  short)  that  very  little  cooling  takes  place.  Jacketed  heads  are  useful  auziUaries  in 
cooling,  but  it  has  becxnne  an  accepted  theory  among  engineers  that  compounding  or  stage 
oompreisioa  ts  more  fertile  as  a  meena  of  economy  than  any  other  system  that  hat  yet  bgw 
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effect  by  compounding.  This  table  gives  the  percentage  of  work 
lost  by  the  heat  of  compression,  taking  isothermal  compression, 
or  compression  without  heat,  as  a  base. 

Altitude  Compression. — The  height  of  the  atmosphere  sur- 
rounding the  earth  has  been  variously  estimated  to  extend  from 
fifty  miles  to  twenty  thousand  miles,  and  since  air  has  weight 
it  exerts  a  pressure  upon  surrounding  objects  which  is  equal  to 
the  weight  of  the  air  column  above  the  object. 

Since  air  is  very  elastic  its  weight  will  cause  it  to  have  a  variable 
density  throughout  its  height  and  exert  varying  pressures  at  different 
altitudes. 

At  the  sea  level  an  atmospheric  colunm  balances  a  column  of  mer- 
cury 30  inches  high  and  of  equal  area,  which  corresponds  to  a  pressure 
of  14.7  poimds  per  square  inai.  The  variation  in  pressure  for  different 
elevations  has  oeen  determined  by  barometric  observations  and  by 
examining^  a  table  of  such  observations  it  will  be  noted  that  the  atmospheric 
pressure  aecreases  with  increasing  height,  and  as  a  consequence  one 
pound  of  air  occupies  a  greater  volume  at  an  altitude  than  at  the  sea 
level  (at  the  same  temperature) ;  or  a  cubic  foot  of  air  weighs  less  at 
a  higher  altitude  than  at  a  lower  one. 

In  descending  the  shaft  of  a  mine  the  contrary  effect  is  noticed,  but 
in  a  mine  or  any  level  below  the  sea,  increase  in  density  is  counter- 
balanced bv  increase  in  temperature  as  the  center  of  the  earth  is 
approached.  The  temi)erature  of  the  atmosphere  also  changes  with 
increasing  altitude,  but  is  not  alwa3rs  uniform  for  any  two  piaoes  at  the 
same  elevation. 

NOTE. — Continued  from  page  726. 

deviaed.  The  two  and  four  stage  Bgaies,  as  given  in  this  table,  are  based  on  rednc* 
ticm  to  atmoq>heric  temperature  60^  Fahr.  between  stages.  This  is  an  important  condition, 
and  in  order  to  effect  it,  much  depends  on  the  intercooler.  This  device  represents  a  case  of 
jacket  cooling  which  in  practice  has  been  found  to  be  efficient  where  en^eers  specify  inter- 
ooolers  of  proper  desi|ni<  While  cooling  between  sta^res  the  air  may  be  spht  up  into  thin  layers 
and  thus  cool  it  efficiently  in  a  short  tmie,  a  condition  not  possible  during  compression.  This 
splitting  up  mocesa  shotud  be  done  thoroughly,  and  while  it  adds  to  the  cost  of  the  plans 
to  provide  efficient  coolers,  it  pays  in  the  end.  A  rule  which  might  be  observed  to  advan- 
tage among, engineers  is  to  specify  that  the  manufacturers  should  supply  a  compressor  with 
coolers  provided  with  one  square  foot  of  tube  cooling  surface  for  every  ten  cubic  feet  of  free 
air  per  minute  furnished  by  the  compressor  at  its  normal  speed.  Referring  again  to  the 
table,,  it  will  be  noted  that  when  air  is  compressed  to  100  pounds  pressure  per  square  inch 
in  a  single  stage  compressor  without  cooling,  tne  heat  loss  may  be  38  per  ceiit.  The  condition, 
of  course,  does  not  exist  in  practice,  except,  perhaps,  at  exceedingly  high  speeds,  as  there 
will  be  some  absorption  of  heat  by  the  exposed  parts  of  the  machme.  It  is  safe,  however, 
to  say  that  in  large  air, compressors  that  compress  in  a, single  stage  up  to  100  pounds  gauge 
fnessore,  the  heat  loss  is  30  per  cent.  This,  as  shown  in  we  table,  may  be  cut  down  more 
than  one-half  by  compounding  or  compressing  in  two  stages,  and  with  four  stages  this  loss 
is  brought  down  to  8  per  cent,  theoretically,  and  perhaps  to  3  or  5  per  cent,  in  practice.  Aa 
Ingher  pressures  are  used,  the  gain  by  compounding  is  greater. 


> 
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The  volumetric  efficiency  of  an  air  compressor,  expressed  in  terms 
of  free  air,  is  the  same  at  all  altitudes  (for  the  displacement  in  a  given 
size  of  cylinder  is  the  same);  but  the  volumetric  efficiency,  eroressed 
in  terms  of  compressed  air  at  a  given  pressure,  decreases  as  the  alti- 
tude increases,  for  the  quantity  of  air  taken  into  a  given  cylinder  per 
stroke  being  less  dense  at  an  altitude  (due  to  lower  initial  or  atmos- 
pheric pressure)  it  must  be  compressed  into  a  smaller  space  for  a  given 
terminal  pressure. 

Example. — 300  cubic  feet  of  air,  at  atmospheric  pressure  of  14.7 
pounds,  compressed  to  80  pounds  gauge,  will  represent  a  volume  of 
300X14.7-5-94.7=46.6  cubic  feet. 

If  the  atmospheric  jjressure  were  10.1  pounds  in  the  above  example, 
then  the  volume  delivered  would  be  300X10.1-5-94.7=34.1  cubic 
feet;  or  the  volumetric  efficiency  of  a  compressor  performing  the  above 
work  at  the  lower  initial  i)ressure  would  be  but  73.2  per  cent,  of  what 
it  would  be  at  the  higher  initial  pressure. 

In  order,  therefore,  that  an  air  compressor  may  deliver,  at  an  altitude  corresponding  to 
the  lower  initial  pressure,  a  volume  of  compressed  air  per  stroke  equal  to  that  whioi  it  would 
deliver  at  a  level  correspondinsr  to  the  higher  initial  pressure,  the  coirreqx>ndiag  intaks 
cvlinder  niust  be  proportionately  larger  for  the  lower  initial  "pressure  as  compared  with 
the  higher  initial  pressure. 
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CHAPTER  23 
BLOWING  ENGINES 

Blowing  engines  are  used  for  compressing  large  quantities  of 
air  against*  comparatively  low  pressures,  as  in  blast  furnace  work 
where  15  to  30  lbs.  per  square  inch  is  common.  They  are  also 
employed  in  supplying  large  amounts  of  air  or  gas  under  pressure 
for  chemical  works  and  smelting  furnaces,  and  for  ptunping 
and  compressing  natural  and  artificial  gases: 

The  size  of  blast  furnaces  has  grown  to  such  an  extent  that  the 
blowing  engines  which  they  require  have  become  machines  of 
magnitude. 

The  blowing  engine  is  almost  identical  with  the  air  compressor,  the 
chief  differences  being  in  size  and  ratio  of  steam  cylinder  to  air  cylinder. 
Since  a  blowing  engine  delivers  a  large  volume  of  air  at  low  pressure,  and 
an  air  compressor  furnishes  a  small  volimie  at  high  pressure,  the  cylinder 
ratios  are  quite  different. 

Blowing  engines  are  ustially  vertical.  The  advantage  of  this  arrange- 
ment, aside  from  the  small  floor  space,  is  the  feduced  wear  of  the  piston 
and  cylinder  walls.  In  the  vertical  engine,  the  shaft  is  generally  placed 
at  the  bottom,  and  the  air  cylinder  at  the  top,  the  arrangement  being 
loiown  as  the  "long  cross  head'*  type. 

The  Air  End. — This  is  usually  called  the  **blowing  tub"  and 
consists  of  a  large  cylinder  as  shown  in  fig.  1,351,  fitted  with  a 
piston  and  having  inlet  and  outlet  valves  in  each  end.  They  are 
built  without  any  provision  for  cooling  the  air  during  com- 
pression, as  it  is  not  necessary,  owing  to  the  moderate  pressure 
pumped  against. 
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Pormerly  the  old  fashioned  leather  flap  valve  was  universally  used, 
followed  by  various  modifications  of  the  mushroom  valve,  which  was 
moved  in  one  direction  by  the  air  pressure,  and  in  the  other  by  a  spiii^. 
To  protect  them  from  undue  jar,  various  forms  of  cushion  were  used. 
All  these  required  frequent  renewal. 

Owing  to  the  great  cost  of  maintaining  blowing  engines  tor  Bes^mer, 
and  blast  furnace  purposes,  due  to  the  ocntinued  crystallization  and 
breakage  of  the  ordinary  metal  valve,  and  the  liability  to  accident  from 
Buch  breakages,  engineers  have  given  much  thought  to  the  design  of  some 


L 


Lh  mechanically  operated  gridiroD  tbItvl 

device  to  reduce  the  repairs  and  liability  to  accidents,  and  at  the  same 
time  increase  the  efficiency  of  engines  of  this  class. 

Formerly  about  400  feet  was  the  usual  piston  speed  but  with  modem 
mechanically  operated  air  valves  this  speed  may  be  considered  increased. 

Pig.  1,352  is  a  view  of  the  head  of  the  tub  shown  in  fig.  1,351. 
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It  is  fitted  with  gridiron  air  valves.  They  are  rectangular  in 
shape  and  extend  entirely  across  the  cylinder,  thus  giving  a  large 
inlet  and  outlet  area.  Each  head  of  the  cylinder  contains  one  inlet 
and  one  outlet  valve.  The  advantage  is  here  obtained  of  the 
characteristic  feature  of  the  gridiron  valve  of  giving  a  large  port 
opening  with  small  valve  movements. 


oDlunec  rjv.&BmaucvlLDiler  Having  a  pidton  attached  to  the  vaWeatem,    The  cvliader  being 
the  cylinder  is  pushed  outwanl  and  the  valve  op«u.  beine  cu^ioned  by  a  daahpot- 

Tfae  valves  bear  against  their  seats  in  the  direction  of  the  air  pressure. 
The  inlet  valves  are  positive  in  their  movement,  each  being  actuated 
by  ft  cam,  which  derives  its  motion  from  a  convenient  point  on  the  valve 
gear. 

The  outlet  valves  are  automatic  in  thdr  opening  action,  being  operated 
by  a  small  auxiliary  cyUnder,  the  piston  of  which  is  attached  to  the  valve 
stem;    this  is  in  communication  with  the  air  compressing  cylinder  and 
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provision  is  made  so  that  when  the  pressure  b^^ins  to  build  up,  the  piston 
in  this  small  cylinder  is  pushed  outward,  and  the  valve  opens.  Any 
slamming  of  the  valve  is  prevented  by  a  dash  pot.  The  dosing  is  brought 
about  mechanically  by  the  action  of  a  cam. 

When  the  pressure  in  the  blowing  cylinder  equals  that  in  the  receiver, 
air  admitted  from  the  blowing  cylinder  to  the  auxiliary  cylinder  causes 
the  outlet  valve  to  open.   At  the  proper  time  a  cam  driven  from  the  main 


Fig.  1,353. — Southwark  air  cylinder  head,  inside  view,  showing  inlet  valve  on  the  indde  and 

seat  of  outlet  valve  above. 

valve  gear  closes  the  valve  by  means  of  a  locker  lever  attached  to  the 
valve  stem. 


The  Steam  End.— With  the  advance  of  engineering  knowl- 
edge,  the  demand  has  steadily  increased  for  a  higher  effici^cy 
in  blowing  engines.  To  meet  this  requirement  the  steam  cylinder 
is  fitted  with  the  Corliss  valve  gear,  and  steam  expanded  to  the 
degrees  of  maximum  economy. 
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Southwarfc  bloic- 
ing  mnaloB*-  They  ' 
are  used  fors^ipplyijig 
Isia*  quantitiea  of  air 
under  loir  pressuTe; 
in  blH.st  ^raace- 
pIBCtice.  IS  to  30  lbs. 
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Where  increased  efficiency  in  the  use  of  steam  is  desired, 
compound  engines  are  used;  about  the  only  objection  that  could 
be  raised  to  their  use  is  the  more  serious  results  that  would 
follow  the  shutting  down  of  two  air  tubs  in  case  of  accident.  . 

Some  builders  have  overcome  this  objection  by  building  the  high  pressure 
and  low  pressure  engines  separate,  as  shown  in  fig.  1,360,  the  only  con- 
nection being  a  receiver  between  the  two  steam  cylinders.  The  high 
pressure  engine  is  controlled  by  a  governor  with  variable  speed  device. 

It  has  been  foimd  that  the  low  pressure  engine,  when  running  com- 
pound, requires  no  governor  to  insure  a  uniform  speed  of  both  high  and  low 
pressure  engines.  Some  provision  is  made  on  the  low  pressure  side,  when 
running  as  an  independent  engine,  to  control  the  steam  admission  as  by 
governor,  or  by  hand  adjustment. 

In  order  that  the  variable  pressure  due  to  expansion  of  the 
steam  and  compression  of  the  air  may  be  approximately  balanced, 
blowing  engines  are  sometimes  constructed  having  a  phase 
difference  of  ninety  degrees  in  the  sequence  of  strokes  at  the 
steam  and  air  ends.  This  type  is  known  as  the  quarter  crank 
engine. 

About  the  only  advantage  of  this  arrangement  is  that  a  somewhat  smaller 
fly  wheel  will  suffice  than  where  the  steam  and  air  cylinders  are  placed 
tandem,  as  here  the  maximum  power  exerted  in  the  steam  cylinder  before 
cut  off  is  not  balanced  by  any  resistance  in  the  air  cylinder,  and  the  surplus 
energy  is  stored  in  the  fly  wheel  to  be  given  out  again  when  the  resistance 
in  the  air  cylinder  has  increased  beyond  the  power  exerted  in  the  steam 
cylinder. 

The  quarter  crank  engine  is  objectionable  on  account  of:  1,  higher 
first  cost;  2,  greater  size;  3,  mtdtiplidty  of  parts,  and  4,  having  to 
transmit  the  power  for  operating  the  air  piston  through  cross  heads,  con- 
necting rods  and  shaft  resulting  in  a  decrease  of  mechanical  efficiency, 
extra  wear  on  bearings. 

The  balancing  of  the  air  and  steani  pressures  due  to  the  quarter  crank 
arrangement,  while  very  nice  in  theory  is  of  no  practical  value  beyond 
serving  as  a  "talking  point"  for  salesnien. 
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ROCK  DRILLS 


The  rapid  tendency  toward  more  rapid  and  more  economical 
methods  of  operation  makes  itself  felt,  especially  in  the  mining 
field  in  the  demand  for  high  speed,  high  duty  rock  drills  with  large 
capacity. 


Pic.  1,3S2.— Wiclna  n 


ROCK  DRILLS 


The  art  of  drilling  roclc  has  reached 
such    a    state    of    efficiency    that    the 
manager  of  a  project  involving  different 
kinds  of  work,  usually  employs  a  different 
type  of  drill  for  each  kind. 
Drills  may  be  operated 
by  either   steam   or  com- 
pressed air,  the  latter  being 
found  convenient  especially 
in  confined  places  such  as 
mines.    The  mechanism  is 
arranged  so  as  to  deliver 
two  motions  to  the  drill, 

1.  Reciprocating; 

2.  Rotating. 
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-"Chkigo  BloiBer"  drill  valva  motloa.    Hw  vaimi*  pallu  fbllowed 
..  jy  theanows.     InjSg,  U7tuiiil»iyTalTei«inthB^itk>ii  in  whkh 
thrown  by  a  ohoiilder  „■'■•"-■ 
It  ^vill  be.  c-      '    '       ' 


„, , .,, enoof  It!  bBckwud 

It  viill  be  Qotsd  that  lire  ur  pUM*  tliroarii  l^hDlB  A,  m  the  kuxiliaiT  vnlve.to 
of  the  main  valve,  the  othei  end  of  the  main  vatve  being  placed  m  commnnicatiaD 
t  exha-uat  hy  the  rfc«u  in  the  valve,  the  auxiliary  valve  reaembliiig  on  OTdinery  D 


and  held  positively  io 
■tiobe  and  ia  al»uC 


J  shown  _ 

with  the  exhau£' 


1,372. 


oppoaite  end  of  the  auxiliary  valve,  correspociding  to  port  A,  to 
end  of  the  main  valve,     TTie  amiilUr^  ™lve  merely  cloeea  the 

opena  from  the  live 


try  valve  merely  cloeea  the  end  of  the  paaoaffe  which 
._  ..ith  the  exhaust.  There  il  a  small  vent  hole  B.  which 
With  the  auiiliary  valve  closing  the  eihauat  end  of  the 
builds  up  pressure  enough  to  throw  the  main  valve,  a  alight 
to  do  it.  This  Bliglit  delay  in  the  throwing  of  the  main 
the  rear  end  of  theputoo.and  a  free  eihauat  iEtom  thsfrnit 
t  to  deliver  it*  blow  with  full  force  upas  the  loclc  in  whidi 


1,370.— Text  amtintuJ. 
oscillation  of  the  ninm  i 
;ofp, 


□ately.    The  supply  ai 


actuated  byflii 


against  the  sides  of  the  slot.  There  is  a  separate  supply  and  exhaust  port  and  passage 
to  each  end  of  the  cylinder,  making  two  supply  and  two  exhausts  in  all.  The  two  supi^ 
ports  open  directly  opposite  one  another  at  one  end  of  the  valve  chest  slot,  with  the  two 

opening  direct  from  supply  to  exhaust  through  the  slot.    Adjustments  arc  such  that  when 

cylinder,  the  oppoaite  face  of  the  opposite  wing  closes  the  exhaust  port  from  the  oppoaite 
end  of  the  cyUnder.    This  leaves  open  the  supply  port  to  one  end  of  the  cylinder  and  the 


NOTE.— ^fr  c< 


fumpllonofrockdrlllt.      {InfmoO-RamlCo.}      Tt 
uimption  per  minute  of  rock  drills  of  various  cylinder 
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CYLINDER  DIAMETER  OF  DRILL.  INCHES 
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Thus,  in  operation  the  drill  strikes  a  series  of  blows  and  rotates 
at  the  same  time. 

The  mechanism  consists  essentially  of  a  power  piston  working 
in  a  cylinder,  having  at  one  end  a  ratchet  device  and  at  the  other, 
a  rod  extending  through  a  stuffing  box,  and  having  at  its  end  a 
chuck  to  receive  the  drill.  A  valve  motion,  similar  to  the  direct 
connected  pump  types,  is  provided  to  secure  the  reciprocating 
motion  of  the  piston  and  drill.  The  cylinder  is  attached  to  a 
feed  device,  and  the  latter  mounted  on  a  weighted  tripod. 


Pic.  1^373. — LcTner-Insenoll  diill  set  up  on  column,  shoning  airangement  when  water  t 
used.    Wsiei  under  presauro  is  mjuired  Bnd  the  pressure  maj"  be  anythina  over  t 

manner  that  is  mdgt  convenient.  Some  run  a  small  water  pipe  alDita;  with  the  air 
obtaining  the  supply  either  from  outeide  the  mine,  or  from  the  water  m  the  mine,  an 
menls  being  made  on  the  different  levels  so  as  to  provide  suitable  average  pleasures,  < 
have  one  or  more  central  tanks,each  aupplyin^  several  drills.    In  tunnel  headings  a  su 


My  employed  weighs  70  pou: 
holds  alinut  17  gallons.  A  ■ 
capacity  can  also  be  furnished,  if  preferred.  Compressed  a 
MuiK,  tiLni  thu  forces  the  water  to  the  drills  under  the  same  pressure  as  t 
thedtillB,  if  taken  from  thsaameair  line.  The  air  which  is  admitted  to 
the  air  which  combines  with  the  water  and  cleans  the  drill  holes.  Th 
■in.    The?    ■      ■-         ■   ■'         -  -     - 


water  hose  mboiit  50  feet  in  length,  then  ttinjugh  a  water  reeulatin^  valve  and  a  short  pi 

. JTthe  drii!  mingles 

<a  through  On  drill  steel  to  the  bottom  of  the  drill  hole.    A  aaiveled 


length,  tl._ __..  _   „_ „         .      

XI  the  batkhead  of  the  drill.    The  water  passes  through  the  backhead  plug  ai 

tobe.intotheahant  of  thedrinsteel,whereair/ron  -■--'-''   -"-'-    --' -  -   --''- 


I  which  the  short  length  of  water  hose  is  attached.    The  air  liose  is  attached ' 

jction  at  the  valve  cheat.    This  method  peinnts  the  hose  to  lie  in  a  ujWhiI 

poatkni  doia  to  the  diiD,  aiXI  eliminate!  the  necassitv  for  a  bend  in  the  hose  itself. 
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Fig.  1,362  shows  the  general  appearance  of  a  typical  rock  drill 
embodying  the  features  just  described.  Figs.  1,363  to  1,865  are 
sectional  views  of  the  se  '.e  drill  showing  construction. 

In  the  Leyner  drill  aff  and  water  combined  are  passed  through 
hollow  drill  steel. 

The  application  of  water  and  air  is  for  the  purpose  of:  1,  laying  the  dust; 
2,  cleaning  the  holes  of  the  rock  cuttings  while  drilling,  and  3,  keeping  the 
drill  bit  cooL 


Fics.  1.375  to  1.377. — Ratchet  purt*  of  L«yiwt-Iiigei»Qll  watET  drill.  The  rstchet »  a  sepuate 
Ting  held  in  place  between  the  rotation  va^her  and  the  hack  head,  and  kept  imca  tumuiff  by 
alarECpin.    It  is  thus  quickly  removed,  should  occasion  require.hytakine  off  the  back  head. 


I,38fi. — InaerBon-Rand  butterfly  drill  slip  "rotation."     In  conttrucllon, 
ic  head,  pressure  being 


the  bead  of  the  lifle  bar,  carrying  the  pawlSt  plunges,  and  EprinfiS,  fits  inside 
The  latter  is  held  by  friction  bstneen  the  rotation  waaher  and  the  back  hea 
cxertod  hy  the  cushion  Bpiinfis,    By  varying  the  spring  tcn^n.  the  frict 


ucoiidi&ii.   Bia^snoitmstedi^bArBareimiKMublewithtlusiatatioi 
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Figs.  1,390  to  1.304. — Diagrams  of  Lesmer-Iogenoll  drill  butterfly  valve  showing  valve  positions 

and  pressure  conditions  at  the  three  criticat' points  in  one  stroke.    The  forward  stroke  is 

here  illustrated,  but  the  cycle  of  operations  is  the  tome  for  the  back  stroke,  so  no  separate 

explanation  is  made  for  the  latter.    In  figs.  1,390  and  1.391,  the  conditions  at  the  beginninf: 

.  ng,^  y  of  the  forward  stroln  are  indicated.   The  piston  P  is 

•*"^''\'  assumed  to  have  just  started  its  movement.     The 

valve  V.  closes  the  front  supply  port  SI,  and  the 

back  exhaust  port  B2,  leaving  open  the  back  supply 

port  S2  and  the  front  exhaust  port 

noirr  INO       B1.    Air  admitted  at  the  supply 

S  passes  through  the  port  S2.  to 

onusrcEL 


the  cylinder  port  SS2,  forcing  the  piston  forward,  ^^lile  the  ezhatist  passes  out  through  the 
cylinder  port  EBl.  and  the  port  El.  In  this  particular  ix}sition  of  tne  piston  the  cylinder 
port  EE2,  is  covered  by  the  piston,  and  the  valve  V  is  in  an  unbalancedcondition,  five  air 
fiolding  It  to  its  seat  over  pbrt  Si.  However,  the  moment  piston  P.  uncovers  cylinder  port 
•  sufp. .  EB2,  live  air  passes  through  EB2,  to  port  £2.  its 

*'^*'^^'^  pressure  at  this  point  on  the  valve  wing  balancing 

the  live  pressure  on  the  opposite  wingndng  port 
S2.    Thus  the  valve,  after  the  stroke  is  faiiiy  star- 
ted, is  in  equilibrhtm.    But  the 
^     niOWT  Elm      impact  of  the  mipply  air  f rom  S. 
Of  aUNOCR    ^^         ^     *        *   oppoeito    S2, 


holds  the  valve  stationary,  with  ports  S2  and  Bl.  fully  open.  Now  in  figs.  1,392  and 
1.393  the  conditions  are  shown  near  the  end  of  the  forward  stroke.  Tlie  valve  V,  is  in 
the  same  position  as  in  fig.  1,390.  The  face  PI.  of  the  piston  P.  has  passed  the  cylinder  port 
££1,  just  closing  it  and  shutting  off  the  exhaust  from  this  end  of  the  cylinder.  Live  pressure, 
however,  is  still  exerted  through  S2  and  882.  against  the  piston  face  F2,  forcing  P  forward 
and  causing  cushion  pressure  in  the  clearance  between  piston  face  Fl,  and  cylinder  head. 
This  cushion  pressure,  communicated  through  cylinder  ports  SSI,  to  port  Si,  and  exerted  at 
SI,  on  the  balanced  valve,  throws  the  valve  v,  to  the  position  shown  m  fig.  1,394.  Here  the 
back  stroke  is  just  beginning,  and  live  air  enters  through  SI  and  SSI,  with  exhaust  escaping 
through  BB2  and  E2.  to  B.  The  valve  V.  is  unbalanced,  but  will  become  balanced  tibe  moment 
piston  face  PI.  passes  cylinder  port  EBl,  which  wiU  admit  live  air  through  BBl  to  Bl,  on 
the  valve. 
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pc,  (iDfrini  drill:  wctioa&l  view  (howiiii  opentmi. 
1306  kod  IJSfl  WltT  by  «S°.    In  (wratfan.  when  the  hunmn 

varwud  atroke,  u  la  fi(t.  1305.  the  ediftiut  porti,  S,  in  the  fnmt  ol 

a  cylioder,  have  beeo  cleared  by  the.pitton  head  uid,the  preuure  then  tcHevei) 


throuffh  horizontal  exhauit  txirts. 
withfelC ■-    "    --^ --*^- 


ilet  port!,  2,  which  are  connected  with  boriuntal  porta.  1.  and  admit  live  ur 

"--  rear  of  the  piston  bead,  driving  it  lorward.    Ai  the  item  of  the  piston  bammBr 

contact  with  live  air.  the  oneaiue  is  on  the  total  are*  oi  the  hammer.    When 

, o  the  forward  itnike  icachea  the  point  where  the  shoulder  of  the  stem  soim 

the  porte,  3  in  the  biuhiiifl,  live  air  is  shut  off  fnim  the  rear  of  the  piston  head  and  the 
hamipn'  coatiaues  the  stroke '■ ' —  " -' ■■  -'  ■' — ' — 

jmpleted  by 


ve  air  is  shut  on  from  the  rear  of  the  puton  head  and  the  piatoo 
.  on  expansion  plua  the  pressure  on  the  end  of  the  Btem.  WlMd 
the  eibaust  porta,  3,  6g.  1,3W,  the  air  back  of  the  bead  ia  ea- 


n'  pressun,  GOmparatively  little  air  is  ushI.    Aadw 
m  the  end  of  "*" "  ' ----i.-  *_  ..»#«.  ?-_  — — 


the  Uppetontheend'oftheforward'atnke.fis.  1396.  JtSfl 

inlet  porta,  B.  admitting  live  air  to  the  front  of  the  cylinder  through  horisoDtal  inlat 
puFw,  7,  and  vertical  forward  porta.  S-  Ports  0  remain  open  until  the  piston  baa  delrvsred 
Its  blow  and  returned  about  Vt  of  ita  atroke.  i^ien  the  stem  of  the  piston  aflain  coven  ports  6* 
wbkh  strata  t^  the  live  air  from  the  front  ol  the  hammer  cylinder  and  the  piston  continiiai 
on  ita  rcssward  stroke  erpansivdv.  When  the  front  ot  the  bead  acajo  micavers  vsrtkil 
ports  S,  this  sir  is  allowed  to  escape  to  the  atmusplieiB  and  tiie  momeatnm  of  the  hanimsr 
carries  tt  to  the  nd  of  the  rearward  stndn  irtiieh  brina  the  head  within  about  one-half  inck 
of  the  boshiof.iriwi*  it  cuahiona  on  the  incoming  live  air  that  is  aaain  entering  porta  1  andik 
Pnm  this,  it  18  evident  that  all  of  the  live  air  that  is  nscd  in  rstunung  the  piston  is  that  which 
ia  admittad  by  tiu  stem  of  the  piston  at  ports  No.  6  just  previous  to  and  after  thsblowhM 
been  delnvred,  which  is  cgoal  to  abaut  H  of  the  full  atroke.  Part  of  this  air  is  used  to  fill 
the  lots  botisontal  porta  7.  and  is  tbeietore  tiot  acttwll^r  used  until  eipansion  takes  place. 
The  dinerencB  betweaa  the  diatanca  tha  piston  tiavela  learwardly  before  this  line  air  la  cut 
off,  or  about  >/i  of  the  stroke,  and  the  distance  it  travels  after  the  air  ia  cut  off.  ustil  port  5  is 
uncovered,  detarminas  the  amooDt  of  expansion,  which  is  nearly  K  of  the  fuU  atraks,  con- 
sequentl^r  thia  ab  is  — '■■■■-'—I  at  a  graatly  reducad  prsssnie. 
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Pigs.  1,307  and  l,308.-~Portable  dm 
hole  dnll  wagon  motmting  for  a  single 
drill.  The  mounting  consists  of  steel 
wheels  and  axles  supporting  a  struc- 
tural iron  frame  on  which  the  boiler 
and  :^e  drill  mounting  ^re  located. 
The  wheel  ^uge.  is  about  6  feet,  and 
the  wagon  is  provided  with  tongue, 
whiffle  trees  and  yoke  for  a  two  horse 
team.  For  making  short  moves  such 
as  from  hole  to  hole,  a  small  winch  is 
provided  in  front,  on  which  a  rope  can 
be  wound.  This  rope  passes  over  a 
sheave,  whichis  fastened  to  a  "dead 
-man."  the  otner  end  being  fastened 
to  the  end  of  the  tongue.  One  or 
two  men  can  easily  handle  the  wagon 
oyer  very  roujgrh  ground.  ^  The  drill 
mounting  consists  of  a  horizontal  bar 
fastened  m  brackets  on  the  structural 
iron  'Worlc,  On  this  bar  the  drill  is 
mounted  in  the  regular  w&y  by  means 
of  a  Sergeant  clamp,  which  gives  it 
universal  adjustment  so  that  the  holes 
can  be  pitched  in  any  desired  angle. 
The  frame  extends  back  beyond  the 
center  of  the  drill,  and  is  provided 
with  two  jack  screw  supports  which 
■  are  set  up  for  supporting  the  end  of 
the  wagon  during  the  actual  drilling. 
For  convenience  in  handling  the  steels, 
for  deep  holes,  the  wagon  is  provided 
with  a  24  foot,  three  legged,  heavy 
pipe  derrick,  so  that  the  steel  can  be 
lined  in  and  out  of  theJhole,  by  means 
of  rope  and  tackle.  It  twiU  handle 
steels  30  to  40  feet  long.  The  boiler 
is  of  the  vertical  type,  with  damper 
regulator  on  the  smoke  stack  and 
live  steam  forced  draft.  Under  the 
wagon,^  and  convenient  to  the  firing 
place,  is  located  the  coal  bin.  An 
iron  water  tank  is  also  provided  and 
is  connected  to  the  injector  pipe  on 
the  boiler.  Connections  from  drill 
to  boiler  are  short,  so  that  there  is 
very  little  loss  in  transmission,  lliis 
makes  an  inexpensive  yet  efficient 
mounting  for  a  lax^ge  variety  of  work, 
especially  quarrying  and.  moderate 
railroad  cuts.  The  equipment  is 
easily  handled  by  two  men  and  is 
capable  of  doing  considerably  more 
work  than  the  same  two  men  could 
accomplish  with  a  tripod  drill,  espec- 
ially in  places  where  the  holes  are 
spaced  far  apart.  Two  men  easily 
handle  a  4h  ii^ch  drill,  which  they 
could  not  do  otherwise  except  under 
extremely  favorable  ccoiditicnis. 
When  furnished  for  air  power  oper- 
ation this  machine  is  equipped  with 
suitable  air  reheater  in  pUce  of  the 
boiler  outfit. 
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Another  feature  of  the  Leyner  drill  is  the  principle  o£  the  hand 
hammer  blow  mechanically  applied.  The  drill  steel  does  not 
reciprocate,  but  rests  loosely  in  the  chuck,  and  is  struck  by  the 
hammer.  The  cutting  end  of  the  steel  is  close  to  or  against  the 
rock  at  all  times,  hence  the  weight  moved,  that  of  the  hammer 


soll-Rand-S  foot  teed  dfill 


11  wagon  at  work  dnilins  bo 
ity,  N.  J. ;  50  foot  Bteel  used. 


:1c  dtilling  holes  for  ccmeot  Clouting 
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alone,  is  light  and  constant  at  all  times  regardless  of  the  length 
of  the  drill  steel. 


Fig.  1373  shows  the  Leyner  drill  m  position  to  opetate  with  portable  water 

ran  and  fig.  1386  a  sectional  view  of  tl: ^ — - —     "" —  j-'--'-  -' 
driU  are  diown  in  figs.  1375  to  1377. 


For  a  large  variety  of  deep  hole  work  it  has  proved  convenient 
as  well  as  economical  to  have  a  drill  and  boiler  mounted  together 
on  a  truck,  the  arrangement  being  called  a  portable  wagon  moimt- 
ing  for  a  single  drill,  as  shown  in  figs.  1,397  and  1,398.  The  mount- 
ing here  shown  is  suitable  for  a  3H  or  4^  rock  driU  with  two  to 
four  feet  feed. 


Fig.  1.40S.— Ingeraoll-Rand  15  foot  teed  drill  wagon  in  use  on  the  P.  &  L.  E.  R.  R,,  driBiiw 

,,.  r__.  i_._.   ,  .-  .  :_.t..  :_  j; . .  v_.^g,tg„n_  01^      Yj,,  ninning  gear  Si  i^tha 

-J,-.  - — , ^ w  -Jteel  whecb  with  flangea  for  traveling  on  % 

.,_  tiBck  and  provided  with  power  traction,  through  the  m^um  of  a  cbun 

the  wagon  from  hole  to  hole.  A  hand  wheel  and  steering  gear  Bra  atao  pnmded  »( the  front 
end  of  the  wagon.  The  drilling  engine  and  its  guides,  derrick  for  hoiiEmg  Mteel,  etc*,  are 
carried  on  the  turn  table,  which  is  mounted  just  put  the  centet  of  the  nmgon,  mt  the  nsr 
end.  This  tum  table  runs  on  balls.  A  system  of  sheave*  and  rope*  •Oifwodl  tha  drill 
from  the  top  of  the  derrick,  from  where  the  ropes  lead  to  B  revenibU  hoisting  engine  which  is 
fastened  to  (he  back  of  the  drill  guides.  Foweiful  hand  brakes  on  the  hoist  ngiilate  the 
feeding  of  the  drin.  Heavy  jacl:  screws  are  provided  (or  supporting  and  steadying  the  drill 
frame  daring  diithng  operations.  Theswingingof  the  turn  table  is  aeeomplialiaa  by  meansof 
a  geared  band  win^and  rope.  A  half  ciicle,  lOfeet  in  diameter,  isdescrued  when  iwingina. 
and  the  holes  can  be  placed  anywhere  on  this  line.  The  drillmg  machine  famished  with 
this  fig  it  either  a  5H  inch  submarine  drill,  or  a  4]^  inch  sabmaiine  dfill.  and  wiD  diiO  a 
hole  from  SH  to  6  inches  in  diameter.  A  steam  pump  forfeedina  water  to  thedriUbymsMM 
of  a  pipe  tat^eaitd  from  the  top  of  the  derrick  ■■■  put  of  the  •qwpment. 
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There  are  some  kinds  of  work  that  require  a  good  steam  power, 
and  yet  the  character  of  the  work  is  such  that  the  outfit  is  not 


— L«flel  aemi-portable  overnuninted  engine  with 


moved  about  siifBciently  to  warrant  the  investment  in  a  traction 
engine.  In  such  cases  there  is  a  saving  in  cost  by  the  use  of  a 
plain  engine  and  boiler  mounted  on  wheels,  or  on  skids,  forming 
a  self  contained  unit  which  can  be  easily  moved. 
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mi-poitable  luidermouiitcd  eogioe  with  Igcamotive  boiler. 


1.  1.40S. — LeFfel  semi-poitabls  avermounl-  Pic.    1,400. — LeSel  portable  « 

:d  ««iae.  with  Clyde  boiler.  vertical  boiler. 
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Where  skids  are  used  the 

engine  is  called  semi-portable, 
and  in  the  case  of  wheels, 
portable. 

For  service  requiring  the 
engine  to  be  moved  only  at 
long  intervals  as  in  saw  mill 
work,  etc.,  the  semi-portable 
type  is  frequently  used,  as 
shown  in  fig.  1,406.     With 
either  type  the  usual  style 
of  boiler  used  is  the  loco- 
motive, as  in  fig.  1,406,  or  a 
__.    return  tubular  with  internal 
1    cylindrical  fire  box  as  in  fig. 
I    1 ,408.    The  latter  has  a  fire 
^    box  extending  the  length  of 
S    the  boiler,  and  is  designed 
S    especially  for  burning  wood, 
I    etc.     The  boiler  shown  in 
"S    the  cut  has  no  grate  bars 
"s    but  instead  short  draft  tubes 
I    running   from  the   fire  box 
I    through  the  bottom  of  the 
I   boiler. 
:§        With  machinesof  thisclass 

1  ordinary  slide  valve  engines 
S  are  used,  as  the  conditions 
'I  of  service  are  not  such  as 
tj.    would  call  for  special  econ- 

2  omy  in  the  use  of  fuel.  In 
*-  many  cases  a  feed  pump  is 
2    attached  to  the  cross  head 
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of  the  engine,  the  water  passing  through  a  heater  before  en- 
tering the  boiler. 

There  should  be  in  addition,  an  injector,  as  an  auxiliary^  the  pump  being 
used  for  regular  feed,  on  account  of  the  economy  in  heatmg  the  water  by 
the  exhaust  steam,  and  because  a  constant  feed  is  better  than 'one  inter- 
mittent, as  mth  the  injector. 

A  well  proportioned  pump,  feeding  through  a  heater,  forms  the  ideal 
method  of  supplying  a  Doiler,  as  the  water  is  delivered  at  approximately 


Figs.  1,413  and  1.414. — ^Russell  saw  mill  friction  feed.  In  operation,  the  friction  wheel 
moves  horisontally  across  the  disc,  reversing  the  motion  as  it  passes  the  center.  Thus  the 
forward  motion  as  weU  as  the  gigback  is  accomplished  by  the  use  of  but  one  friction  wheel, 
and  the  variation  in  speed  for  either  motion  is  from  nothing  to  9  inchesper  revolution  of 
saw.  This  entire  range  requires  but  a  slight  movement  of  the  lever.  The  sawyer  is  thus 
enabled  to  feed  the  log  into  the  saw  up  to  the  full  capacity  of  the  engine  power,  and  to  slow 
up  when  he  comes  to  a  knotty  place  in  the  log,  increasing  the  speed  again  when  this  place  ia 
passed.  The  friction  disc  being  on  a  separate  shaft  from  that  of  the  saw  arbor,  and  simply 
driven  from  a  ptdley  on  it,  no  uirust  is  transmitted  to  the  saw  by  forcing  the  friction  wheel 
against  the  disc. 
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yHnder    3HXS  to  6X8 

th«  old  and  ejipen&jve  method  of  edging  boards  and  planka  on  ^e  mill  camaffe.  coaanming 
considerable  of  the  entire  crews'  time  each  day-  in  duins  what  one  man  can  do  alone  on  a  aiiigle 
edger  without  interfering  with  the  operation  of  the  mill,  together  with  the  aaving  in  cost  ol 
labor  resulting  from  the  use  of  a  single  saw  edger.  Some  single  edgers  are  built  in  three  sections 
to  facilitate  moving.  In  one  edger  of  this  type,  taken  to  3lustrate  the  proportion!  and  con- 
alruction,  the  saw  mandrel  is  1  fi  inches  in  diameter  and  6X6  inch  drive  pulley.  It  is  furnished 
with  32  feet  of  track,  which  accommodates  a  carriage  14  feet  in  lengthV  IB  inches  in  width. 
ThecarriagehasfouTsetsof  trucks  consisting  of  3^  inches  diameter  flange  wheels  on  Bteel 
ailcs  running  in  babbitted  teW-oiling  bracket  bearings.  This  edger  is  built  either  right  or 
left  handed  and  takes  a  14  inch  saw  wTiich  should  run  at  a  speed  of  2,800  revolutions  per  minute. 
■NOTE.— Under  no  circumstances  should  cold  water  be  fed  into  a  boiler,  yet  there  ut 
on  the  market  outSts  in  which  no  provision  is  made  for  heating  the  feed  water.  Tha  accom- 
panying illustrations  show  the  usual  construction  of  semi- portable,  and  porUhle  engines.  Tha 
wheels  ot  the  latter  are  of  Iron  substantially  made  and  have  wida  rims  to  distribute  the  col- 
fliderable  weight  carried,  and  prevent  them  sinking  in  soft  roade.  A  portable  engine  U  provided 
with  a  tongue,  so  that  it  can  be  drawn  by  horses  when  it  Is  to  be  moved.  Powerful  brakes  are 
fitted  for  control  in  descending  grades.  Portable  entries  are  extensively  used  m  very  hilly 
countries  where  threahing  jobs  are  fmdl,  or  when  an  mexpensive  outfit  is  desired. 
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If  the  energy  latent  in  fuel  could  be  completely  transformed 
into  work,  a  horse  power  hour  could  be  produced  on  less  than 
one-fifth  pound  of  coal. 

Prom  the  beginning  of  the  history  of  the  steam  engine,  the  best  engineering 
talent  has  devoted  itself  to  improving  the  efficiency  of  steam  power  plants, 
that  is,  increasing  the  amount  of  power  that  can  be  obtained  from  a  given 
quantity  of  fuel. 

Tames  Watt  invented  the  separate  condenser  whose  only  value  was  to 
make  a  pound  of  coal  go  f  arth^  in  generating  power.  Sin6e  his  day  pres- 
sures  have  increased  from  atniospheric  pressure  to  260  lbs.  for  general 
use  and  in  special  cases  up  to  500  or  more  lbs. 

More  than  a  century  of  engineering  research  and  experience  has  demon- 
strated that  proper  furnace  and  boiler  design,  insuring  complete  com- 
bustion of  the  fuel  and  absorption  of  the  heat  by  the  boiler  multiple  expan- 
sion of  high  pressure  steam;  reduction  of  cylinder  condensation  through  the 
use  of  steam  in  a  superheated  condition;  elimination  of  radiation  loss  by 
the  eflFective  jacketing  of  all  parts  containing  live  steam;  recovery  of  waste 
heat  through  a  feed  water  heater  and  the  reduction  of  back  pressure  by 
means  of  a  condenser  are  aU  effective  means  of  reducing  waste  of  heat 
to  the  lowest  figures. 

It  was  the  clear  recognition  and  intelligent  application  of  these  principles 
by  able  foreign  engineers  that  gave  to  the  world  the  special  form  of  high 
efficiency  combined  engine  and  boiler  plant  known  as  the  "locomobile." 
This  invention,  because  of  its  remarkable  economy,  ease  of  attendance  and 
reliability  as  well  as  its  adaptation  to  all  situations  where  power  is  needed, 
has  met  with  wide  spread  application  in  Etu-ope  and  its  dependencies.  In 
fact  the  locomobile  seems  to  be  well  known  to  nearly  every  part  of  the 
world  except  the  United  States.  (One  German  firm  alone  has  built  nearly 
1,000,000  h.  p.  of  these  machines,  in  sizes  up  to  800  h.  p.  in  a  single  unit.) 
For  the  locomobile  is  in  no  sense  an  experiment  but  rather  the  evolution 
of  the  conventional  power  plant  into  its  natural  and  simplest  form,  a 
carefully  chosen  combination  of  tried  and  demonstrated  principles. 
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FtOS.  1417  and  1.418.— Petfoimuice  curvo 
U  hour  test  of  B  2211  hone  power  unit  in  vhi 
300,  then  down  to  40.  np  to  230  and  down  to 
Tlw  averaffe  load  irai  only  37  per  cent  of  the  i 
thia  loir  leid  factor  the  maclmu  coaiumed  1«i 


f  Buclceye-mobile.     Fig.  1.417 

h  the  load  varied  from  TO  hor«  , _^  „ 

tO  for  the  last  leven  houn  of  the  teit  period, 
ilcd  capacity  of  the  unit  but  notwithitandins 
Ihan  two  poundi  of  coal  per  biake  hOTK  power 
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Accordingly,  a  locomobile  may  be 
defined  as  a  self  contained  engine  and 
boiler  with  all  the  auxiliary  apparatus^ 
necessary  to  secure  maximum  economy. 

The  accompanying  illustrations 
show  a  locomobile  representing  Amer- 
ican practice,  being  called  the  Buck- 
eye-mobile because  it  is  made  by  the 
Buckeye  Engine  Co. 

It  consists  of  a  self-contained  power 
plant  designed  to  use  high  pressure 
superheated  steam.  In  its  elements 
it  comprises:  1,  an  internally  fired 
tubular  boiler  of  the  non-return  or 
"gun-boat'*  type  on  which  is  mounted, 
2,  a  compound  engine;  3,  a  well  in- 
sulated sheet  metal  smoke  box  en- 
closes, 4,  a  tubular  super-heater,  both 
engine  cylinders,  5,  all  ste^m  piping 
and  valves,  and  6,  a  secondary  super- 
heater which  imparts  heat  to  the  steam, 
as  it  passes  from  the  high  to  the  low 
pressure  cylinder.  The  engine  ex- 
hausts through  a  closed  feed  water 
heater  into  a  jet  condenser  which  is 
provided  with  a  rotary  air  pump. 
This  air  pump  and  the  boiler  feed 
pump  are  so  located  as  to  be 
readily   belt    driven   in   a    most 


A 
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economical  manner  from  the  engine  shaft.     The  general  as- 
sembly is  shown  in  sectional  view  in  fig.  1,416- 

Boiler, — The  boiler  is  at  the  internal  corrugated  furnace  fire  tube  type. 
The  furnace  tubes  and  tube  sheets  constitute  the  entire  active  heating 
surface,  therefore  deterioration  and  need  of  repairs  Eire  confined  to  these 
parts  which  are  attached  to  the  boiler  shell  b^  studs  and  nuts,  makin^them 
readily  removable  for  inspection  and  cleaning;.  Sediment  coHects  in  th« 
bottom  of  the  boiler  (the  coolest  part)  where  it  is  not  liable  to  bake.  The 
boiler  is  constructed  for  225  lbs.  steam  as  shown  in  fig.  1,416. 


Pio.  1.423. — Soetionml  view  of  Buckcye-mobiJe  showing  temperaWiM  itvirious  pointi  of 
syslem.viz.:  gu«  in  furnace  2.500^;  gases  to  Buperluster  800°;  guss  to  imoke  itoclc  4S 
■team  tosuperhealer 306°. awara to*. p. cylinder 625°, MduustlrcHnft.f. cylinder 3Z5°.  rte 
to  i.  p.  cylinder  430°.  eihaust  fivm  I.  p.  cylinder  140°,  feed  Hater  to  beater  70°,  feed  watei 
boiler  125°,  injection  water  70°,  hot  well  106°. 


Engine. — The  engine  is  of  the  compound  center  crank  piston  valve 
type  of  eictremely  simple  and  rugged  construction.  The  bed  plate  is  rigidly 
iJoIted  at  its  main  bearing  end  to  a  massive  saddle  whicn  spans  about 
one-third  of  the  boiler's  circumference.  The  gtude  barrel  end  rests  on  a 
smaller  saddle  and  is  free  to  slide  thereon,  thus  relieving  the  bed  plate 
from  the  effects  of  boiler  expansion. 
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Flo.  1,424.— Sectional  view  showing  Buckeye-mobile  eitended  fi 


-  Figs.  1.42B_and  l.tSB. — Buckeye-mobile  boiler  with  fmnace  and  tube  unit  removed  ibowiiic 
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Feed  pump, — ^The  boiler  feed  pump  is  belt  driven  from  the  main 
engine.    An  injector  is  also  furnished  as  a  second  feed. 

Platform  and  etaire. — ^The  unit  is  provided  with  suitable  stairs  and 
railings  giving  access  to  all  points  requiring  observation  and  adjtistment. 

Lubrication. — ^A  force  feed  lubricator,  driven  from  the  valve  gear, 
supplies  oil  to  the  valves,  pistons  and  piston  rod  x^ackings.  All  the  prin- 
cipal bearings  are  lubricated  from  a  gravity  oiling  system.  The  used  oil  is 
gathered  at  one  point,  flows  through  a  filter  and  is  returned  to  the  supply 
reservoir  for  further  use. 

Governor, — ^The  governor  is  of  the  centrifugal-inertia  type 

Safety  Stop, — ^The  safety  stop  is  independent  of  the  governor.  This 
stop  closes  the  throttle  valve  if  the  engine  rtm  a  few  per  cent  faster  than 
its  normal  speed  from  any  cause  whatever. 

Barring  Gear, — ^A  barring  device  is  provided  to  enable  the  operator 
to  readily  turn  the  engine  by  hand. 

Relief  Valve. — Condensing  Buckeye-mobiles  are  provided  with  an  atmos- 
pheric exhaust  valve  which  automatically  opens  when  the  vacuum  is 
broken  for  any  cause. 

Condenser. — ^A  jet  condenser  is  ordinarily  furnished  for  condensing 
service  but  a  surface  condenser  can  be  supplied  when  local  conditions  such 
as  bad  feed  water,  etc.,  require  it.  The  air  pump  is  belt,  driven  from  the 
engine  crank  ^af t. 
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CHAPTER  27 
STEAM  HOISTS 


Introductory. — The  hoisting  engine  represents  a  class  of 
machinery  possessing  wide  utilities,  for  besides  general  hoisting 
work,  there  are  other  special  duties  to  which  it  is  adapted.  Its 
development  has  been  brought  about  chiefly  by  builders  of  this 
class  of  machinery  being  brought  into  touch  with  contractors, 
miners,  bridge  erectors,  freight  handlers  on  ships,  docks,  etc, 
resulting  in  a  machine  well  adapted  to  the  requirements. 

There  are  a  number  of  terms  relating  to  steam  hoists  which 
are  here  given  and  which  will  be  found  helpful  in  tmderstanding 
the  subject. 

GLOSSARY 

Aerial  dump. — ^An  improved  type  of  conveyor  having  low  sides,  and 
open  at  one  end.  The  fonn  facihtates  the  handling  of  material  by  a 
cableway. 

Boom  fall  rope, — ^The  rope  which  operates  the  vertical  movement 
of  the  boom  of  a  derrick. 

Boom  swinging  gear. — A  device  for  operating  a  radial  or  boom 
swinging  derrick.  It  consists  of  a  drum,  or  two  spools  on  which  the  boom 
swinging  ropes  are  simultaneously  wound,  and  unwound. 

Bull  wheel. — On  radial  derricks,  a  large  wheel  at  the  base  of  the  derrick 
consisting  of  a  circular  flange  made  of  structural  T  iron  to  which  the  boom 
swinging  ropes  are  attached. 

Clam  shell  crab. — ^A  term  used  to  describe  a  form  of  bucket  used  in 
dredging,  excavating,  and  conveying  loose  material  such  as  coke,  sand,  etc. 

Cone. — ^An  iron  cone  shaped  cap  used  in  logging  operations  to  assist 
the  log  to  pass  over  obstacles  when  skidding. 
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Derrick  twinging  ropea.- 

position  of  the  derridc,  or  by  mi 
Differential  brakee, — Band  brakes,  ia  which  both  ends  of  the  band  are 

E [voted  to  the  rocker  but  at  different  distances  from  the  center  of  the 
lad  held,  tending  to  turn  the  rocker  in  the  direction  to  apply  the  brake. 
Dock  wheei*. — Small  cast  iron  wheels  fitted  to  hoists  and  foiming  a 
running  gear,  for  use  on  docks  or  places  where  it  is  necessary  to  move  the 
hoist  frequently. 

Drum. — A  revolving 
flanged  <^linder,  to  which 
the  hoisting  rope  is 
attached. 

Drum  Spring.— A 

spiral  steel  spring  which 
pushes  the  dxiun  out  of 
contact  with  the  friction 
woods  when  the  friction 
pressure  is  released  by  the 
friction  levee. 

Dumping    block, — A 

form  of  block  consisting 
of  a  small  and  large  whecL 
A  piece  of  chain  inserted 
in  the  hoisting  rope  at  the 
right  point  causes  the 
small  wheel  to  revolve 
which  raises  the  back  end 
of  the  skip,  and  allows  the 
load  to  dump. 

Foot  brake. — ^A  bank 
brake  for  controlling  the 
movement  of  the  drum. 

Fixed  drum, — A  type 
of  drum  in  use  where  wily 
single  loads  have  to  b« 
handled. 

Friction  lever  UUeh. — 
A  device  consistiiw  of  a 

thumb  latch  and  aeteat, 
engaging  with  serrated 
teeth  in  a  quadrant,  by 
which  the  lever  is  held  in 
any  desired  position. 


Fig.  1.430. — Orr  and  Sembower  double  cylinder  single 
fnctioa  hoistinc  engine  and  boiler  speciall)'  adapted 
for  pile  diiving.  QuorncA.  taitrouia,  coal  yards,  docks, 
and  general  houting  purpoBes.  Tht  firindpat  dimeniiom 
m«cylinders,  eWXS;  anun.  J4XS5:  drum  flanges,  W: 
boxler,36XS4:72,2intubea:  weightttoisUdsin^rope, 
*.000  lbs;  weight  pile  driving  monkey  2.000  lbs.:  horse 
poner.  Ifl.  The  hoist  has  bionie  castings  in  drum, 
douhU  V  fi-iction  cut  gear^,  steel  pinion,  and  boiler 
ir  12S  lb>.  working  pressure. 
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Guard  bands. — Protect- 
ing wrought  iron  bands  fitt«d 
over  the  gear  wheels  to  pre- 
vent the  rope  or  any  obstruc- 
tion getting  in  the  teeth  of 
the  gear. 


I 

J  lever  is  moved,for  the  purpose 
5  of  throwing  the  druin  into 
^  gear,  the  pin  on  the  end  of 
7,  the  friction  lever  presses 
I  agaiast  the  curved  part  of 
,      the  oscillating  lever  and  re- 

1E  leases  the  foot  brake.  When 
S  the  lever  is  moved  back,  the 
^  .  operator  places  his  foot  on 
h  £  the  foot  brake  for  a  moment, 
J  and  the  oscillatii^  lever  drops 
"iv  backintoitsoriginatpositbn. 


J I       Loote    drum. — A    drum, 

■°^-  free  to  revolve  on  its  shaft, 
I  ■-  and  which  is  thrown  in  or 
1|  out  of  engagement  with  the 

g^  driving  shaft  by  means  of  a 

B  S  clutch, 

ft      Main  hoUt    rope. — The 

J|  rope  which  raises  or  lowers 
■|S  the  load. 

is       Operating^  J«D«r*.— 

&  B  Devices  for  operating  the 
u-3  brake,  friction,  etc.,  in  hoist- 
-| '.  ing'  They  are  usu^y  assem- 
^f.  bled  together  and  con- 
I  t  veniently  located  for  the 
gl  engineer. 

"S  Orange  peel  grab, — A 
^■a  term  used  to  describe  a 
5 1  dredging  device  which  when 
-^  opened  assumes  the  shape  of 
g^-  an  orange  peel  divided  into 
£     four  parts. 
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Outhaul  rope. — In  logging  operations,  an  auxiliary  rope,  woriied  by 
a  separate  drum.  It  is  us^  to  carry  the  skidding  rope  out  into  the  woods, 
which,  by  former  methods  had  to  be  done  with  mules  or  men. 

Po»t    brakee, — A  type   of  brake  in  use  on   reversible,   mining,   and 


Shrouded  ratchet  ring. — A  ring  having  ratchet  teeth  around  its  c 


^G.  1.43S- — Street  double  cylinder  horizontal  en^ne  suitable  for  coal  elevators,  sugftr  millBt 
ice  tiouiei,  dredge  boata,  log^g  pull  boata,  drivins  conveyors,  etc. 

cumf  erence  and  bolted  to  the  drum  flange.    The  outer  edge  of  the  rin§  is 

Erovided   with  a.   shrouded  flange,   there^  preventii^  the  teeth   being 
roken  by  the  pawl,  or  the  pawl  slipping  off. 


SJfcip.^An  iron  box  with  a  bale  holding  from  one  to  ten  tons  of  ore  or 
rock;  used  for  hoisting  and  running  between  guides,  or  in  inclined  shafts 
to  run  on  a  trad. 


J 
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1 1.540.— Parts  at  NBtwoal  he 
»  dutch  nlnch;  4.  clutch  w 


91  guide;  22,  U 


V.  17.  t 


:;  la.  p 


;b  winch  7oke;  2,  bcriler  bracket; 
;  5  clutch- winch  pawl;  6.  plain 
ir  on  boiler;  10,  socket  wrench; 

-lelarl 
S3  head; 


Bsbeml  key;  26.  throttle  valve  operatW  handle;  27.  three  way  cock;  2S.  angle  valve 
am  pipe;  29.  connecting  rod  brass  box;  30,  connecting  rod  key;  31,  connecting  md 
32.  connecting  isd  bolt;  33.  connecting  lod;  34,  guide  bar  block;  35.  guide  bar  bolt; 
inder;  37.  plain  cylindei  head;  38.  cylinder  cock;  30,  steam  chest  cover;  40.  claw  drum 
I.  drum  oawl  nin:  42  crank  cap;  43,  long  bearing  drum  cap;  44.  long  bearing  clutch 

Qllar^  46.  drum  spring  with  clampB  complete;  47,  drum  spring  clamp; 

9,  claw;  60.  friction  key;  61,Triction  collar;  62,  friction  pin;  53.  friction  lever; 


5.  threaded  sh 


aland 

nnder  head;  61 


(land;  57  at 


s;61.blon 


or;  70.  sj 


-r;  87. 


syphon  for  steam  gauge;  71.  nlau 
earn  gauge;  74.  aaiety  valve;  73.arcb  lor  hand  hoi 
J.  gafiicet  Tor  nand  hole  plat«;  73.  brake  band;  79.  adjusting  ena 
iggle;  81,  stud  jaw  for  brake  band;  82,  double  iaw  end  for  brake 
;  84.  foot  brake  weight;  85.  brake  shaft  collar;  86,  foot  brake 
ake  operating  lever  with  step;  88.  crank  shaft;  89.  pinion;  BO. 
nch  head;  93,  friction  drum;  94.  friction  block;  95,  fnclion  gear; 
with  end;  97,  right  hand  side  valve  rod  with  end;  98.  open  end 
100,  right  hand  side  frame;  101.  ash  pan;  102,  aah  pan  drcnlai 
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Sluing  drums. — Two  pony  drums  located  on  one  shaft,  and  especially 
adapted  for  the  operation  of  radial  or  swinging  boom  derricks. 

Snaking  and  loading  machine, — In  logging,  a  hoist  with  rigging  so 
arranged  that  the  operations  of  hauling  and  loading  may  be  carried  on 
firom  separate  booms  independently  and  at  the  same  time. 

Stiff  leg  derrick. — ^A  form  of  derrick  fitted  with  wooden  braces  instead 
of  guy  ropes  for  support. 

Tail  sheave. — ^A  pulley  used  in  the  "pull  boat  system"  of  logging. 

Winch  heads, — ^A  short  hoisting  drtun  or  spool  having  curved  flanges, 
and  attached  to  an  extension  of  the  drtun  shaft. 


Classes  of  Hoists. — ^The  great  variety  'of  hoisting  work, 
calls  for  different  kinds  of  engine  designed  to  meet  special 
conditions.    They  may  be  classified  in  several  ways : 


1.  With  respect  to  the  steam  features;  as, 

a.  Single  cylinder; 
h.  Double  cylinder; 


2.  With  respect  to  the  transmission  of  power;  as, 

a,  DirectX  drive; 

h,  Geareii  transmission. 


3.  With: respect  to  the  drum  arrangements;  as, 

a.  Fixed  drtim; 

b.  t^sedrum;' 

c.  Single  dnunr 

d.  Multi-drum; 

e.  Cone  drum. 


4.  With  respect  to  the  conditions  of  service;  as, 

a.  General  service; 

b.  Coal  hoisting; 

c.  Boom  swinging; 
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t.  Cableway; 


coal  at  doc^ 


The  forgoing  is  intended  to  give  an  idea  of  the  varieties  of 
hoisting  engines  in  general  use. 
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The  Simple  Hoist. — In  its  simple  form,  the  steam  hoist 
consists  of  one  or  two  engines  and  a  boiler  mounted  on  one  base 

plate,  a  hoisting  drum  mounted  on  the  engine  shaft,  as 
shown  in  fig.  1,541.  A  friction  brake  is  provided  so  that  the  drum 
may  be  prevented  turning  when  desired,  The  power  of  the  engine 
is  applied  in  hoisting  by  means  of  a  cable,  fastened  to  the  drum; 
the  cable  is  wound  upon  the  drum  in  hoisting  the  load,  and 
unwound  when  it  is  lowered. 


Pig.  1,S42. — Usual  type  of  boiler  for  steani  hoists.    View  iHowiog  funuce.  and  lower  tabe  dieet. 

The  Boiler. — Steam  is  supplied  to  the  engine  by  an  upright 
tubular  boiler,  usually  having  through  tubes,  and  supported 
with  the  engine  on  a  single  base  plate.  A  view  of  the  boiler 
showing  interior  of  the  fire  box  and  tube  sheet  is  shown  in 
fig.  1,542. 

There  should  be  ample  heating  surface  and  grate  area  for  the  engine  so 
that  the  work  may  be  done  with  easy  firing;  the  engineer,  then,  may 
operate  the  engine  without  too  frequent  interruptions. 

The  table  of  proportions  given  on  the  next  page  represents  the  practice  of 
the  builder  of  the  Twin  City  hoists,  for  general  work  and  pile  driving  where 
one  drum  is  sufficient. 
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1.552.— Twin  Citv  boiler,  hi 
tisiDc  aa  it  limits  the  op«ratia 
correct  proportions  of  fire  bo 

■team  for  the  work  for  viae 


'  SSio^i^l, 


__.    Thebofl«ri»1 

iagly  special  Attention  Bb* 

ided.    Tt^u  pn^tortioni 


The  exhaust  pipe  terminates  in  a  two  way  cock*  with  one  brandt  con- 
nected to  the  smoke  stack,  and  the  other  open  to  the  atmosphere.  Steam 
from  the  engine,  then,  can  be  exhausted  directly  to  the  atmosphere, 
or  through  the  stack;  in  the  latter  case,  a  strong  drawht  is  induced 
through  the  furnace.  Usually  an  independent  jet  blower  is  provided  to 
accelerate  the  fire  when  the  engine  is  not  in  operation. 


U  of  power  win  taice  iJua. 
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.    For  oidioaiy  work  it 
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The  Engine. — Steam  hoists  are  usually  fitted  with  ordinary 
slide  valve  engines.  For  light  service  a  single  cylinder  is  sufB- 
cient,  as  in  fig.  1,553,  but  for  general  hoisting  work  two  cylinders 


The  cranks  bdnz  MEM)  degrees  then  an  tu  dud 
deavy  loada. 

are  preferable.     They  are  attached  to  the  bed  plate   on  each 
side  of  the  boiler,  as  illustrated  in  fig.  1,554,  having  cranks  at  right 
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angles ;  with  this  sequence  of 
cranks  there  are  no  dead 
centers,  hence,  the  engineer 
has  a  more  flexible  control. 

Figs.  1,556  to  1,561  show  the 
type  of  cylinder  in  general  use 
with  heads,  steam  chest  and 
pet  cocks  cover  removed.  A 
flange,  and  stud  bolts  project 
on  the  exhaust  side  for 
attaching  the  cylinder  to  the 
base  plate.  The  cross  head 
guide,  consisting  of  a  single 
rectangular  bar  is  attached 
to  projecting  piece  on  the 
stufiing  box  of  the  cylinder 
head.  The  cylinder  drain 
cocks  are  operated  simul- 
taneously by  a  lever  con- 
veniently   located    for    the 


^■l 


51 


Power    Transmission. — 

For  light  loads,  and  high 
speeds,  as  on  coal  wharves, 
engines  are  sometimes  made 
with  a  direct  drive,  as  shown 
in  fig.  1,541,  that  is,  the  crank 
is  on  the  same  shaft  as  the 
drum.  With  heavy  loads,  it  is 
ig  s  desirable  to  place  the  drum  on 
a  separate  shaft  as  shown  in 
fig.  1,653  and  reduce  its  speed 
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by  means  of  spur  gearing,  thus  allowing  the  engine  to  make  several 
revolutions  to  one  of  the  drum.  By  this  means  a  lai^e  cylinder 
or  high  steam  pressure  is  avoided. 

Drums. — Of  the  many  types  of  dnmi  there  are  two  general 
dasses:  the  fixed,  and  the  hose  drum.    The  fixed  drum  is  found 


Pigs.  I.S56  to  1,S61. — Hoistine  engine  (^linder  covers  and  pet  cocka  before  being  Bssembled. 
The  flange  on  the  side  and  bolts  projectuia  from  the  steam  chest  are  (or  fastening  the  cylindei 
to  the  base  plate. 

on  some  of  the  simpler  machines  designed  for  that  class  of  work 
which  requires  only  the  operations  of  lifting  or  lowering,  or 
where  only  single  loads  have  to  be  handled. 

The  loose  drum  is  the  type  mostly  used  and  is  so  constructed 
that  it  may  be  thrown  in,  and  out  of  engagement  while  the 
engine  is  in  motion,  by  the  action  of  friction  rings. 

Fig,  1,564  shows  the  principle  of  operation. 
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Pig.  1JK2.— 'National  double  cyUadef.  dingle  friction  drum  hoiitio^  engine  witbcnit  bcrilcr,  iritlt 
nttdiet,  pawl,  foot  brake  and.  wincb  head^  TbU  style  engine  u  adapted  for  general  coc- 
tractinn  purpoaci  where  steam  or  compressed  air  is  already  supplied.  It  is  uiod  to  advaa- 
tage  on  docks,  in  tunnels,  aboard  vessels  for  hkndlind  csibo,  Iot  anall  mioet,  etc,,  being  very 
EOmpact  and  readily  made  portable. 


I  hoisting  engine  w- 
fly  whe^  whidi  can  be  used  to  drive  a  belt  for  running  pi 
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is  in  contact  with  a  hardened  ihrusi  *in.  The  action  of  this  pin  is  best 
seen  in  the  sectional  view,  fig.  1,565.  When  the  engineer  turns  the  friction 
lever  toward  him,  the  thrust  screw,  which  has  a  left  hand  thread,  pushes 
the  thrust  pin  against  a  collar  kejj,  which  works  in  a  slot  cut  through  the 
shaft.  The  coll^  key,  together  with  the  collar,  is,  in  turn,  pushed  against 
the  drum,  forcing  it  into  contact  with  friction  blocks  to  prevent  any 


.    Tte  parts  s 
Bftoge;  I'.rfltcl 


Flc.  l.Se5.-;-Secti(inBl  view  o 

)llar  key.  c 

It  Imtioa  blocks. 


STEAM  HOISTS 


rotation  ob  the  shaft.  These  blocks  consist  of  sections  of  hard  wood  B, 
bolted  to  the  gear  wheel  K,  which  is  keyed  to  the  shaft.  The 
adjacent  flange  on  the  drum  has  inclined  rings  E,  P,  which  r^^ister  with  the 
bevel  on  the  friction  bkicks,  the  endwise  movement  ^ven  the  drum  by 
turning  the  friction  lever,  bringing  the  rings  into  frictional  contact  with 
the  blocks,  thus  preventing  the  drum  turning  on  the  shaft  since  the  latter 
is  Keyed  to  the  gear  wheel  K. 

When  the  friction  lever  is  turned  clockwise  to  release  the  drum,  the 
latter  is  pushed  to  the  right  out  of  engagement  with  the  friction  blocks  by 
the  spring  M,  allowing  the  drum  to  revolve  freely  on  the  shaft.  The  loose 
drum  and  parts  are  shown  in  figs.  1,566  to  1,573  before  being  assembled. 

Loose  drums  are  usually  fitted  with  band  brakes  in  order  to 
reduce  the  wear  on  the  friction  blocks.     This  is  especially  de- 


sirable for  long  descents,  as  in  tall  office  building  construction, 
the  wear  and  heat  generated  being  excessive. 

Sometimes  radial  ribs  are  placed  at  the  friction  end  of  the  dnun  to  asdst 
in  dissipating  the  heat,  by  presenting  additional  surface  for  radiation,  and 
inducing  air  currents. 

The  pile  driver  illustrates  a  class  of  work  in  which  the  loose  drum  is 
most  valuable.    Instead  of  loosening  the  monkey  from  the  rope  and  having 
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to  re-attach  the  two  before  the  monkey  can  be  lifted  again,  the  rof*  re- 
ina.iiis  permanently  fastened,  and  the  monkey,  in  falling,  simply  tinwinds 
Uie  rope,  the  drum  revolving  on  the  shaft  in  a  reverse  direction,  and  being 
again  thrown  into  gear  after  the  blow. 


Foot  Brakes. — When  there  is  a  winch  head  or  spool,  as  H, 

fig.  1,564,  it  is  necessary  to  have  a  band  brake  if  the  spool  is  to 

be  used  at  the  same  time  that 

the  load  is  hanging  on  the  drum. 

In  fig.  1,574  is  shown  the  usual 
type  of  brake  which  consists  of 
a  metal  band  lined  with  hard- 
wood segments,  and  embracing 
the  external  circumference  of 
the  drum  flange. 

The  brake  is  operated  by  the 
foot,  and,  as  shown,  is  of  the  differ- 
ential type  in  which  both  ends  of 
the  band  are  pivoted  to  the  rocker, 
but  at  different  distances  froni  the 
center  of  the  brake  shaft,  so  that 
the  strain  brought  by  the  load  held, 
tends  to  turn  the  rocker  in  the 
direction  to  tighten  the  brake.  By 
crossing  the  ends  of  the  band  at  the 
rocker^  the  rotation  of  the  brake 
shaft  !s  limited,  so  that  the  foot 
lever,  when  released,  cannot  be  lifted 
by  its  counterweight  above  a  fixed 
and  conveiiient  position. 

Pic.  1,574.— Band  trabe  for  holdine  the  ri        ■_.  *  t.  m  r,      ,     ^ 

drum  with  load  whon  diuDgagedlrom  DoUDle  DrUm  BOOm  SWUlfi- 

the  friction.     The  metal  band  lined  ,  .■■    ,  ~,  

with  hardwood  aepnenta  tightly  em-  intf  HolSt. The  multiplication 

braces  the  ciicumiErance  of  the  drum  ,  .  .  . 

when  the  brake  lever  a  pressed  down.  Of     OrumS    IS    a    featUTC     in    the 

development  of  the  hoisting  en- 
gine, adapting  it  to  service  of  a  universal  character,  such  as  the 
working  of  a  radial  derrick  where  freqtiwitly  several  operations 
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have  to  be  perfonned  at  the  same  time.     An  example  of  hoist 
adapted  to  this  dass  of  work  is  shown  in  fig.  1,575. 

The  forward  drum  is  for  hoisting  the  load,  and  the  other  for  raising  the 
boom.  Between  the  drums  and  winch  heads  are  two  spools  for  the  derrick 
swinging  ropes.  With  this  arrangement,  the  operations  of  hoisting  th« 
load,  raising  and  swinging  the  boom  can  go  on  simultaneonsly. 

The  winch  heads  are  secured  to  the  shaft  by  a.  sliding  key  having  a  sleev« 
upon  which  the  swinging  spools  revolve. 


'IG.  1.S75- — Double  drum  hoist  with  boom  swin^ns  ^eu  foropsatins  a  radial  ilvrick.  'Hm 
machine  is  so  constructed  that  the  operations  of  hoisting  the  load,  raising  and  iwincinff  tbc 
boom  may  go  on  eimultaneouslv- 

Friction  adeqimte  for  the  full  power  of  the  engine  is  used  between  the 
swinging  spools  and  the  winch  heads.  The  frictional  contact  is  produced 
by  cams  placed  between  the  swinging  drums  and  the  frame  of  the  engine; 
on  the  other  side  are  anti-friction  collars  to  take  up  the  thrust. 

The  operating  cams  are  connected  by  links  to  the  end  of  a  lever,  which 
is  carried  on  a  shaft  extending  across  to  the  side  where  the  ei^neer  stands, 
and  where  the  vertical  detent  lever  for  operating  the  swinging  device  is 
placed 
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In  operation,  a  rope  is  wound  on  the  bull  ring  of  the  derrick 
and  secured  to  the  same  in  the  center,  as  shown  in  fig.  1,576. 
Each  of  the  two  ends  is  fastened  to  one  of  the  two  swinging 
spools,  enough  rope  being  wound  on  each  to  give  the  required 
amount  of  motion  to  the  bull  wheel.  By  throwing  the  lever 
forward,  it  engages  the  friction  clutch  on  that  winch,  causing  it 
to  rotate  and  wind  in  the  rope,  which  turns  the  boom  in  one 
direction,  the  other  winch  meanwhile  paying  out  the  rope. 


HOISTING  flopes 

^IG.  l,ff70.^BKBe  of  anidial  derrick,  vhowing  the  bull  wh«el  and  boom  awlosins  ropea,  AlflO 
the  ropee  for  hoisting  and  niiaing  the  boom. 

The  construction  of  the  cams  permit  this,  as  the  same  movement  which 
engages  one  friction,  disengages  the  other.  By  throwing  the  lever  back- 
ward, the  friction  of  the  rear  spool  is  enga^^,  and  the  forward  spool 
released.    Thus,  the  boom  can  be  turned  in  either  direction. 

The  cams  operatii^;  the  frictions  are  so  constructed  that  when  the 
operating  lever  is  in  its  central  position,  there  is  enough  frictional  contact 
in  Uje  swing  spools  to  keep  the  ropes  taut;  therefore,  when  one  spool  is 
winding  in  the  swii^^g  rope,  the  other  has  sufficient  friction  to  prevent 
the  Tope,  which  is  payu^  out,  c-—™."";"" 
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The  brake  and  friclion  levers  for  the  drums  are  shown  in  figs.  1,577 
and  1,678. 

The  friction  lever  of  the  rear  drum,  as  shown  in  fig.  1 ,677,  has  an  ex- 
tension piece  1  with  a  pin,  which  moves  upon  the  curved  Euiface  of  an 
osdllating  lever  C.  The  latter  has  a  notch  at  the  lower  end,  engaging  witll 
a  pin  extending  from  the  side  of  the  foot  brake  lever.  When  the  fnctioa 
lever  is  moved,  for  the  purpose  of  throwing  the  drum  into  gear,  the  jrin 
on  the  end  of  the  friction  lever  presses  against  the  curved  part  of  the  oscil- 
lating lever  and  releases  the  foot  brake. 


FlO.  I,GT7. — LidgnwDod bnke uid  trictkni lererawith  aafety  attachment.  When  the ttictkn) 
WerA.is  moved  to  throw  the  drum  into  gaa,  the  pin  I.  ohh  projectioo  o(  the  friction  lever 
preeeea  acainiC  the  curved  part  ot  the  oacUUting  lever  C,  and  nleaiei  the  foot  brake. 

The  friction  lever  of  the  front  drum,  as  shown  in  fig.  1,578,  is  arranged 
with  a  thumb  latch  and  detent  engaging  with  serrated  teeth  in  a  quadrant 
by  which  the  lever  is  held  in  any  desired  position.  The  drum  is  thus 
securely  locked,  so  that  hoisting  may  go  on  without  any  further  attention 
to  this  lever. 

When  the  lever  is  moved  back,  the  engineer  places  his  foot  on  the  foot 
brake  lever  for  a  moment  and  the  oscillating  lever  drops  back  iota  its 
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orieiiial  positkm,  engaging  with  the  pin  on  the  foot  brake  lever,  tmd  thoeby 
lodUng  the  brake  on  the  drum.    It  will  be  seen  that  this  drum,  with  the 
bo^nanging  from  it,  is  lodced  fast  by  the  brake,  the  pawl  being  ttsually 
.     applied  as  an  additional  safeguard. 

Directions  for  operating:  The  engineer  first  throws  in  the 
front  friction  dnim  lever  sufficiently  to  hoist  the  load.  He  is 
then  free  to  handle  the  boom,  either  raising  or  lowering  it  with 
the  rear  drum. 


Fig.  1.57B. — Friction  lever  on  hoisting  drtun;  a  la  tch»ad  quadrant  hold  the  drum  in  any  podtioo. 

When  lowering  the  boom,  he  should  do  it  both  by  the  friction 
lever,  and  a  slight  pressure  on  the  foot  brake.  This  prevents 
the  oscillating  lever  falling  into  place  and  locking  the  brake ;  it 
also  allows  control  over  the  lowering  speed  of  the  boom,  and  as 
soon  as  it  is  lowered  far  enough,  then,  full  pressure  is  put  on  the 
brake  lever,  and  the  friction  lever  thrown  out,  when  the  oscil- 
lating lever  falls  into  place  and  locks  the  brake  fast.     This  use 
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of  the  two  levers  in  combination  for  lowering  the  boom  provides 
against  the  possibility  of  the  foot  slipping  off  the  foot  brake. 

Itis  important  that  the  engineer  keep  the  safety  lever  locked 
to  the  foot  brake,  and  also  the  pawl  applied  at  all  times  when 
the  boom  drum  is  not  in  use.  The  only  exception  to  this  rule  is 
when  working  with  a  short  boom  and  the  time  required  to 
throw  in  the  pawl  is  too  valuable  to  lose.  In  such  cases,  the 
safety  lever  locked  to  the  foot  brake  performs  all  that  is  required 
of  the  pawl  and  ratchet. 


;.  1,579.— National  cone  friction,  gear  actuated  derrick  swinger.  The  apparatns  cotisista  of 
:wo  small  drumi  mounted  on  a  stetl  sha[t  set  in  two  heavy  frames  in  front  nf  engine  being 
ittaohed  to  main  engine  frame  with  steel  screw  rods.  The  swinging  is  effected  by  gear  A, 
nfhich  is  mounted  on  outer  end  of  front  drum  shaft,  which  gear  driveslnction  gear  C,  gear  C, 
Iriving  friction  ^ar  B.  Mounted  on  the  same  ahalts  with  friction  gears  C  and  B  are  two. 
notion  driven  pinions  which  rnesh  with  large  gear  mounted  00  swing  drum  shaft.    Thetric- 

iperating  iaft  on  which  shaft  is  placed  in  a  notched  quadrant,  convenient  to  engineer,  the 
nam  operating  lever.  A  movement  of  the  operating  lever  in  either  direction  causes  the 
iwingina  drums  to  revolve  as  desired.  One  of  the  swinging  drums  is  loose  on  the  shaft, 
jeing  held  fast  by  notched  collar.  To  tale  up  slack  in  the  swinging  ropes,  it  is  only  necessary 
.0  release  the  notched  collar.    The  position  of  the  swing  drams  being  outside  ot  the  hoisting 
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The  use  of  the  safety  lever  locked  to  the  foot  braie  is  de- 
sirable with  a  long  springy  boom,  in  chaining  or  dogging  rock 
after  a  blast,  at  which  time  it  may  not  be  known  whether  the 
rock,  which  it  is  intended  to  hoist,  is  free. 

The  effect  of  applying  the  strain  for  hoisting  the  rock  is  to 
spring  the  boom,  and  if  the  dogs  fly  loose,  or  the  chain  break, 
the  boom  springs  back  to  its  normal  position,  slackening  for  an 
instant  the  boom  faJl  rope,  which  may  throw  out  the  pawl 
causing  the  boom  to  fall. 


^Fendtie   and    Bolthofi  first  motion  hoist;  an  uno _-^ -      , - 

"    '  '  Ksled  on  the  Ums  ndo  of  the  cross  head,  Che  doubit  cott- 

The  type  of  hoist  as  shown  in  fig.  1,575,  is  suitable  for  light  service,  but 
tor  heavy  duty  with  long  booms,  it  is  desirable  to  have  both  swinging  spools 
motmted  on  a  separate  shaft. 

Logging  Engines  and  Log  Skidding.— In  fig.  1,5S0  is  shown 
an  engine  designed,  as  the  result  of  experience  with  practical 
lumbermen,  to  overcome  the  difficulty  in  paying  out  the  rope, 
which  was  fonnerly  done  by  mules  or  men.  With  a  receding 
drum,  the  rope  is  carried  out  along  the  cable  without  difficulty. 
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II S  The  drums  are  all  of 

■g  „  o  the  friction  type  and 

S^l  can  be  operated  sepa- 

"83  rately,  ov   together,  as 

H-j'g^  desired. 

g^Sa  The  front  drum  oper- 

" Kg  ates  the  carriage  to  get 

l^g  the   slack,  or  skidding 


s!l 


11 


rope  into  the  woods. 


J**g  I  The  second  operates 

^  the  overhand  rope,  the 

■  <LS  third  the  skidding  rope, 

iWS  and   the    two    paratlet 

"  ff  8  drums  on  one  shaft  are 

sl_g  for  loading    the   logs. 

aj"  The  drum  nearest  the 

*  track   should  be   used 

for  loading,  which  gives 
the  engineer  full  view 
of  the  work. 


The  method  of 
skidding  logs  in 
1^  swamps  is  shown  in 
.gs-jl  fig.  1,582.  The  main 
i||l  cable  is  suspended 
C  iZ^  ^™™  *^°  suitable 
jISs  trees,  about  700  feet 
|=a  i|  apart.  On  this  cable. 
the  carriage  travels  in 
either  direction,  and 
is  provided  with  a 
block  for  the  hoisting 
rope.  Tongs  are  se- 
cured to  the  end  of  the 
hoisting  or  skidding 
rope      and     fastened 


rii. 


■S-S.I5 
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to  the  logs  for  skidding.  With  the  receding  rope  the  carriage  is 
paid  out  over  the  cable,  and  controls  the  slack  in  the  skidding 
rope. 

Hoisting  for  Deep  Mines. — When  mining  is  to  be  done  at 
great  depths,  the  problem  o£  hoisting  the  ore  becomes  more 


■ima  enaDlea  the  dranu  t ^ , ^  _.  .„ 

mnd  changes  frrmi  one  level  to  ouotheT  cui  readily  be  made.    Each  di 
chun  drive  dial  indicator. 

difficiolt  than  that  met  with  in  ordinary  mines.  For  instance,  the 
variable  dead  weight  of  the  rope  must  be  taken  into  account,  that 
is,  vrfien  the  cage  is  at  the  bottom,  not  only  is  its  weight,  and  that 
of  the  one  to  be  hoisted,  but  also  the  full  weight  of  the  rope, 
which  diminishes  as  the  cage  ascends.  The  rope  on  the  descending 
side  becomes  heavier  as  the  cage  goes  down,  with  the  result  that 


792  STEAM  HOISTS 

it  takes  a  great  effort  for  the  engine  to  start  the  cage  or  skip 
from  the  bottom,  while  as  the  ascending  cage  nears  the  top,  the 
descending  cage  and  rope  may  even  more  than  balance  the  total 
weight  of  the  former,  so  that  the  engine  has  no  work  to  do  during 
that  period.     This    variable   load,  of  course,  results  in  poor 


tria.  l.NM.— CyUndf r  of  Nordberg  convertible  air  hoistiog  enguiD  for  mim  service.    The  erd* 

economy,  and  prevents  the  use  of  compound  engines.  The 
difficulty  is  overcame  by  means  of  a  tail  rope  of  the  same  size  and 
weight  per  foot  as  the  hoisting  rope. 

The  two  ends  of  the  tail  rope  are  fastened  to  the  bottoms  of  the  two  slope 
and  at  the  bottom  of  the  ^aft  the  rope  passes  around  a  sheave  placed 
in  guides,  <»  on  a  carriage,  according  to  drcttmstances.    This  arraiigBment 
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Che  air  19  eipanded  donn  to  Btmosptieric  occssure  aad 
compressed  to  initial  pressursand  the  engine  narks  at  peKecteFRciencr.  CordD.— In  order 
aathepointof  cutoffBhdTlens.vithfuitherdecreauinlDuL  Card  £.— This  shonrs  the  last 
dis«ram  for  theMconditioiuwben  theenHineudoin^noiroikand  consuming  no  air.  Card 
F. — Tho  hoist  is  now  to  be  retaidcd  vithout  applying  the  brakes.  The  operator  moves  a 
rearulating  lever  and  the  hoist  becomes  a  compressor  with  gear  for  changing  the  point  o( 
cloaun  of  the  eihauit  valves,  which  allow  the  escape  of  air  ap  to  an/  point  of  the  stroke. 
CazA  C— By  movement  of  the  regulalina  lever  from  neutral  position  the  amount  of  air 
rejected  from  the  cylinder  is  decreased  and  the  amount  compressed  increased.  Cord  B. — 
A  larger  compressor  card  is  obtained.    Caid  I. — A  full  capacity  canl  is  abCained.     Card  J. 

communication  established  between  the  ends  of  the  cylinder  when  the  piston  passes  dead 
center  and  both  eihaust  valves  are  closed.  This  causes  the  compressed  air  filliiig  the  space 
behind  the  piston  to  flow  over  to  the  other  side  with  an  increase  in  pressure,  a  laicer  card 
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balances  the  hoisting  rope,  and  the  load  on  the  engine  is,  therefore,  at 
all  times  only  the  weight  of  the  ore  that  is  being  hoisted.  This  counter- 
balancing is  desirable,  aside  from  the  smoothness  of  operating,  because 
the  en^e  can  be  better  proportioned  for  the  work,  resulting  m  greater 
economy. 

Cone  Drum  Hoisting  Engines. — ^A  development  of  the 

single  cylindrical  drum  with  two  ropes  is  the  double  cone  drum 
as  shown  in  fig,  1,597;  this  is  another  way  of  counterbalancing 
the  variable  weight  of  the  hoisting  rope.  The  theory  of  this 
construction  is  that  as  the  weight  of  the  rope  increases,  the  radius 
at  which  it  acts  con;espondingly  decreases,  thus  equalizing  the 
work  of  the  engine. 


th*  wind  radius  inversely  with  tha  variation  in  the  weight  o£  rop*  paid  oi 

The  dimensions  of  the  drum  must  be  proportioned  for  each  particular 
case,  and  if  used  under  different  circumstances,  the  drum  would  faSL  to 
fulfill  the  purpose  of  its  design. 

For  very  deep  hoisting  in  order  to  balance  the  great  weight  of  rope. 


Reel  Hoisting  Engines. — The  reel  hoist  is  often  used  where 
it  is  not  the  intention  to  hoist  always  in  balance,  and  where  no 
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tail  rope  or  compensating  device  such  as  a  conical  drum  can  be 
used. 

The  greatest  weight  to  be  lifted  by  any  hoist  is  when  the 
loaded  cage  is  at  the  bottom  of  the  shaft,  consequently  all  the 


Pig.  1.5B8.— Hendrie  and  BoltboS  firat  m 


rope  is  off  the  drum  or  reel.     At  this  point,  however,  the  reel 
begins  to  wind  on  its  shortest  radius.     As  the  rope  winds  on  the 


o  Corliaa  valve,  double  n 


reel,  the  total  load  decreases  while  the  leverage  of  the  rope  on 
the  reel  increases,  thus  keeping  the  load  on  the  engine  nearly        i 
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acnbcd,  lafety  dirf 
vided  on  hoiittDg 
oevicei  operate  u 
oMermined  and  ad: 
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be  oiieiied  until  thi 


Pig.  1.601.— Nordberg  bydnuUc  or  oil  opentad  thnin  eylindv. 
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Reel  hoists  are  used  mostly  in  the  western  part  of  America.  As  a  rule» 
hoisting  is  done  there  from  different  levels,  one  car  often  being  hoisted 
from  one  level  while  the  car  on  the  other  deck  may  come  from  another 
level;  under  these  conditions  the  hoisting  cannot  be  done  in  balance. 


Capacity  of  Hoisting  Engines. — The  horse  power  required 
to  raise  a  load  at  a  given  speed  is  equal  to 

gross  weight  in  lbs,  X  speed  in  feet  per  minute 

33,000 

To  this  there  should  be  added  from  25  to  50  per  cent  for 
friction,  contingencies,  etc.  The  gross  weight  includes  the 
weight  of  the  cage,  load,  and  rope.  In  a  shaft  with  two  cages 
balancing  each  thus,  the  net  load  is  taken. 

Limit  of  Depth  in  Hoisting. — Taking  the  weight  of  a 
hoisting  rope,  13^  inches  in  diameter,  at  two  pounds  per  foot, 
and  its  breaking  strength  at  84,000  lbs.,  it  should,  theoretically, 
sustain  itself  until  42,000  feet  long  before  breaking  from  its  own 
weight.  But  taking  the  usual  factor  of  safety  of  7,  then  the  safe 
working  length  of  such  a  rope  would  be  only 

42,000-5-7  =  6,000  feet. 

If  now  a  weight  of  three  tons,  which  is  equivalent  to  that 
of  a  cage  of  moderate  capacity  with  its  loaded  cars,  be  hung 
to  the  rope  the  maximum  length  at  which  such  a  rope  could  be 
used  with  the  factor  of  safety  of  7,  is 

6,000-^^  =  3,000  feet. 
2 

The  limit  may  be  considerably  increased,  by  using:  1,  sx)ecial 
steel  rope  of  greater  strength;  2,  a  smaller  factor  of  safety,  and 
3,  taper  ropes. 


PILE  DRIVERS 


CHAPTER   28 
PILE  DRIVERS 

A  pile  driver  consists  essen- 
tially of  a  koisting  engine, 
boiler,  derrick,  monkey  or  ham- 
mer, and  rigging,  all  assembled 
on  a  foundation  of  heavy  skids, 
or  on  a  scow. 

The  derrick  consists  of  an 
elevated  structure  having  a 
pulley  at  the  top  over  which 
passes  a  cable  from  the  hoist- 
ing engine  drum  to  the  mon- 
key or  hammer,  the  latter 
working  in  vertical  giiides.  In 
operation,  when  the  pile  is  in 
position  under  the  monkey, 
the  latter  is  hoisted  by  the 
engine,  till  near  the  top  of  the 
derrick,  when  the  operator 
releases  the  drum  friction  al- 
lowing the  monkey  to  fall  and 
deliver  a  blow  to  the  pile. 

The  sinking  of  the  pile  de- 
pends on  the  character  of  the 
ground  into  which  the  pile  is 
driven. 

!W  of  pile  driver  tot  land  pile  driving  ihowinsf  conrtnirtion  olderiickttnd  nrreBee* 
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of  monk 
short  fa]] 
light  one 
latter  is  i 

The  b: 
monkey  i 
shock,  a 
fa]],  the 
quicker, 
weight  I 
should  b 
to  the  5 
of  the 
driven. 

Pi]es  1 
diameter 
to  14  in 
quire  1 
driven  ^ 
monkey  ■ 
ing  from 
to  1,70( 
Sheet 
with  a  b 
of  9  ins. 
thicknesi 
or  4  in 
quire  a 
1.000  to 
1,700  ]bs 
monkey. 
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Fig.  1,605  shows  the  general  construction  of  a  pile  driver,  the 
type  of  hoisting  engine,  mounting,  and  rigging  being  plainly 
shown.     For  marine  use  the  assembly  is  mounted  on  a  scow. 
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Fjg.  1,610.— Bucyrualcxs 
ha.1  h«n  designed  for  tt 
'  and  fitrength  Xa 


^TDpelling  powi 
a  provided  witl 
which  aiE  r  ■ 
iwn  weight, 


f  railroads  whose  requireme 
le  necessity  tA  an  attfindan 


fpesd  of  25  lo  30  miles  an  hour, 
lilling  the  driver  from  the  tiaclt  a 
let  of  (pecMcotloni.— Engines 


about  300  *.  t-. 
a  hydraulic  turn 
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The  following  table  gives  pile  driver  proportions  as  recommended 
by  the  Lidgerwood  Co. 

Derrick  Monkey 

25  foot suitable  for  1,000  to  1,200  pound 

30    "    "         "    1,200   "  1,500       " 

35    "    "        "    1,500  "  1,800      " 

40    "    "        "    1,800  "  2,500      " 

45    "    "        "    2,500  "  3,000      " 

fiO    '    "        '    3,000  "  3,500      " 

55    ■    "        "    3,000  "  4,000      " 

60    "    "        "    3,500  ■  5,000      " 


fig.  1,614,  boom  fitting  with  sbank  k 
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For  quick  work,  the  following  are  suitable  proportions  of  engine,  boiler 
and  hammer. 


Weight  hoisted 
single  rope,  lbs. 

Boiler  dimensions  in 
inches 

Weight  of 

Engine 

Diam. 

Height 

monkey- 
lbs. 

5X   8 

6JiX   8 

6MX10 

7X10 

8}iX10 

9X10 

10X10 

10X12 

12X12 

2,000 

3,000 

4,000 

6,000 

8,000 

9,000 

10,500 

12,000 

16,000 

32 
36 
38 
40 
42 
48 
50 
53 
56 

75 

75 

81 

84 

90 

102 

102 

102 

120 

1,250 
1,600 
1,800 
2,500 
3,000 
3,500 
4,200 
5,000 
6,500 

The  construction  of  hoisting  engines  is  explained  in  detail 
in  chapter  27. 
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CHAPTER  29 
STEAM  HAMMERS 


A  steam  hammer  consists  essentially  of  a  heavy  weight  con- 
nected direct  to  a  piston  arranged  to  operate  in  an  inverted 
vertical  cylinder  with  suitable  valve  gear  to  give  proper  control, 
the  cylinder  being  mounted  on  an  A  frame  which  contains  the 
guides  for  the  hammer,  and  the  assembly  being  placed  over  an 
anvil. 

The  original  hammer  as  invented  by  James  Nasmyth  was  single  acting, 
operating  simply  by  gravity,  the  function  of  the  steam  being  to  lift  the 
hammer  for  each  succeeding  fall. 

The  first  improvement  was  made  by  Rigby,  who  took  the  waste  steam 
exhausted  from  the  lower  side  of  the  piston  to  the  upper  side  and  so  im- 
parted some  slight  pressure  in  the  descent.  It  was  a  stage  between  the 
early  and  the  present  hammers.  In  the  latter,  high  pressure  steam  is 
admitted  above  the  piston  to  impart  a  more  powerfid  bfow  (compounded 
of  velociiyXmass),  than  is  obtainable  by  gravity;  hence  they  are  termed 
double  acting  hammers. 

In  the  modem  hammer,  steam  is  used  to  raise  and  may  also  be  used  to 
drive  down  the  hammer.  By  means  of  the  valve  system,  steam  is  ad- 
mitted below  the  |)iston  to  raise  the  hammer  and  to  sustain  it  while  the 
metal  to  be  forged  is  placed  on  the  anvil. 

To  deliver  a  blow,  the  steam  is  exhausted  below  the  piston,  and  the 
liammer  is  allowed  to  fall  by  its  own  weight. 

To  augment  the  blow,  live  steam  may  be  admitted  above  the  piston  to 
assist  in  driving  it  downward. 

To  deliver  a  gentle  blow,  the  exhaust  steam  below  the  piston  may  be 
x*etained  to  act  as  a  cushion. 

Blows  can  be  delivered  at  any  point  of  the  stroke,  quickly  or  slowly, 
li£^htly  or  with  full  power  of  the  combined  weight  of  the  hammer  and  force 
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Pic.  1,615.— Soctioiial  vi 
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of  steam  pressure.  The  machine  may  also  be  used  as  a  vise  or  squeezer. 
The  various  construction  details  of  modem  hammers  are  shown  in  the 
acoompan3nng  illustrations. 

They  are  rated  according  to  the  effective  weight  of  the  piston  and  hammer 
head  and  range  from  100  lbs.  to  80  tons. 

The  principal  difficulties  met  with  in  construction  are  those  due  to  the 
severe  concussion  of  the  blows,  which  very  sensibly  shake  the  ground  over 
a  considerable  area,  accordingly,  very  heavy  foundations  are  required. 


The  Valve  Gear. — Piston  valves  are  generally  used  in  pref- 
erence to  ordinary  slide  valves.  The  periods  of  admission  of 
steam  are  under  the  control  of  the  operator,  so  that  the  length 
of  stroke  and  the  force  of  the  blow  are  responsive  to  his  manipula- 
tion of  the  operating  lever. 

Many  hammers  can  be  set  to  run  automatically  for  any  given 
length  of  stroke. 

In  order  that  the  hammer  may  reproduce  the  movements 
which  the  operator  gives  to  the  control  lever,  some  type  of  self- 
centering  valve  gear  is  essential.  In  this  type  of  gear  the  valve 
is  displaced  from  its  neutral  position  each  time  the  operator  moves 
the  control  lever,  and  is  brought  back  to  its  neutral  position 
by  the  self-centering  gear,  the  latter  receiving  its  motion  from 
the  hammer. 

1.  By  direct  lever  connection,  or 

2.  By  cam  movement. 

Fig.  1,615  is  a  sectional  view  of  a  hammer  having  direct  connected  self- 
centering  lever. 

In  operation,  the  throttle  being  open,  if  the  control  lever  A,  be  moved 
downward,  it  will  displace  the  valve  m  the  same  direction  through  link  D, 
admitting  steam  at  the  top  end  of  the  cylinder  and  driving  the  piston  and 
hammer  downward.  Dtuing  the  movement,  link  C,  being  pivoted  to  the 
hammer,  moves  D,  downward  and  with  it  the  piston  valve,  the  latter 
shutting  off  steam  to  the  upper  end  of  the  cylinder  and  cushioning  the 
exhaust  at  the  lower  end,  thus  "steam  locking"  the  hammer  when  it  has 
reached  a  position  corresponding  to  the  position  of  the  control  lever. 

The  essential  parts  of  the  gear  are  very  clearly  shown  in  the  illustration. 
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Pic.  1,816.— Sectional  view  of  U, 
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Fig.  1,616  shows  the  cam  type  of  hammer  which  is  virtually  the  gear  as  in 
fig.  1,615  except  that  the  self-centering  lever  is  replaced  by  a  self-centering 
cam  and  connecting  link  as  shown. 


Hammer  Capacity. — It  is  impossible  to  rate  the  capacity 
of  steam  hammers  with  respect  to  the  size  of  work  they  should 
handle,  as  so  many  factors  enter  into  the  problem  that  any  rate 
given  for  one  condition  would  not  apply  to  all. 

For  making  an  occasional  forging  of  a  given  size,  a  smaller 
hammer  may  be  used  than  for  manufacturing  the  same  size 


Fig.  1»617. — Erie  automatic  safety  stop.  It  is  attached  to  the  top  of  the  cylinder  as  shown  by  the 
cut.  The  pin  projects  through  the  center  of  the  cylinder  head  to  a  ];>oint  below  the  top  steam 
port,  and  IS  ground  in  place,  making  a  steam  ti^ht  joint  between  pin  and  head.  In  case 
the  rod  should  break,  the  piston  flying;  upward  will  not  break  the  cylinder  or  cylinder  head, 
as  the  force  will  be  absorbed  by  striking  the  j^rojectixig  pin,  causing  all  shock  to  be  trans- 
mitted through  the  yoke  to  the  side  rods  shown  m  cut.  The  lower  ends  of  these  rods  are  keyed 
to  lugs  projecting  from  either  side  of  the  cylinder.  Usually  the  sprixig  will  wholly  absorb 
the  Boock;  if  not,  the  worst  that  can  happen  is  the  breaking  of  two  easily  replaced  side  rods. 


pieces  in  large  lots.  As  an  illustration,  for  forging  a  6  inch  piece, 
such  as  a  pinion  or  a  short  shaft,  a  hammer  of  1,100  pounds 
capacity  would  answer,  but  if  the  general  work  run  largely  to 
the  same  size,  a  1,500  pound  hammer  should  be  used.  On  the 
other  hand,  for  forging  6  inch  axles  a  7,000  or  8,000  pound 
hammer  would  be  required  to  ensure  maximxun  output. 
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For  general  blacksmith  work  the  following  table  of  sizes  may 

be  followed,  with  modifications  according  to  conditions:* 

Diameter  EHameter 

of  stock  Size  of  hammers  of  stock  Size 

3H  inches  250  to  850  pounds  6  inches  800  tt 

4     inches  350  to  600  pounds  6  inches  1,100  U 

41^  inches  600  to  800  pounds 


Pics.  1,S13  imd  I.SIS. — Two  types  o{  ReBm  hunmer  iUiutnlins  the  diffanDca  betmea  liiiil* 
and  double  hammers, 

BoUer  Capacity. — For  operating  steam  hammers  the  size 
of  boiler  depends  upon  the  number  of  hammers  in  the  equipment 
and  the  service.  It  may  vary  from  one  boiler  horse  power  for 
each  100  pounds  falling  weight,  as  in  a  forge  where  many  ham- 
mers are  in  use,  to  three  horse  power  per  hundred  pounds  falling 
weight  where  a  single  hammer  is  installed  at  hard  service. 

■NOTE.— As  recommmdod  br  the  Nilee-Bement-Pond  Co. 
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a.  1,6M,— View  of  Nilet-Bement-Pond 

ungle  hammer  p 

viOBMIl 

ol  IMrti 

te  which 

bedplate  snd  n«d  only  Mt 

nd  below  im 

>r  the  anvil 

extending  beyond  the  othe 

bearinB 

e  Bnva  pier 

due  to  the^mmer  blow.. 

d«"e?^^o 

theotb 

lb 

eHectof 

mu.    sJcSd 

TmHU 

in.^ 

rifinm* 

™r.?^' 

^'in^r  ^^i^t^by"^ 

Vina  the  esft 

b/tla 

ier«de. 

STEAM  HAMMERS 


•NOTE. — Erocting  Nile»-Bement-Pi>nd  bamtaaa.  TO  h(  (In*!*  /tame  fUrmnurti 
n  tfae  hunincr  over  the  uivil.  Let  the  dks  con»  together-  Plumb  tia  piston  rod  mid 
ABt  the  amvH  or  bed  plate,  aa  most  converuent.  Diitil  the  die  fac«i  match  exactly;  then 
Tt  the  anvil  Iteyi  uid  tcnw  fut  to  the  foundation  timbei*  with  ■roodeciawa.    r*  tret 

"    '  '  !  Set  the  anvil  perfectly  level,  beinc  lure  that  all  parts  have  B  nxid 


le  together  bo  aa  to  bear  all  m 

- _, ,  level  earetully  and  bolt  do"n..    

h  both  diet  keyed  in.    Erect  the  framea.    Brinfl  the  guidea  together 


d  plate.  Bolt  on  the-eylinder  and  insen  the  piiton.  See  that  taper  hole  in  ram 
arKI  taper  vd  of  piiton  md  are  [>eTfectly  dry  and  free  from  oil  or  dirt.  If  sent  connect^  they 
need  not  be  disturbed.  To  itl  calcemi  Place  the  latch  handle  central  on  its  rack  and  ram 
,t  half  Btioke.    The  valve  should  then  be  central  with  iteam  porta  and  laps  equal;    if  not, 

jr — L  I — .- . : —  — T.-j  ,tQp  connection-    When  properiy  adjusted  the  Bteam 

<r  up  against  the  bun^iers  bf  placing  the  latch  handle 
«..  HH.  uv*>vHi  w  ^K  V-  1.^  ■»....  '■  satiafactDry  packing  is  one  o(  the  manufactured  Idod, 
made  to  suit  diameter  of  rod  and  box.  aa  well  as  depth. 

*NOTB.— Starting  and  maintenance  (Niles-Bement-Pond  hammen;.  To  tlatt  the 
Kammer:  First  MB  that  piston  rod  is  driven  in  ram  sufRciently  firm  to  m  it.  This  can  be 
done  with  a  heavy  bar  or  sledge.  Then  by  steam,  strike  Bevenii  hard  downward  blows,  with  hat 
metal  or  lead  between  the  diea,  in  order  to  mote  securely  jam  Uxe  taper  end  of  the  rod  into 

through  the  ram  does  not  hold  the  piaton  rod  and  ram  together,  but  ia  intended  to  prevent  the 
rod  flying  out  ^wuld  it  become  loose.  The  real  hold  is  the  taper  fit  of  the  rod  in  the  hole 
of  the  ram.  Ordinary  care  ihould  be  taken  in  driving  the  anvil  taper  keys  not  to  iorce  them 
harder  than  necessary  to  hold  the  parts  together  cecurely.  as  such  treatment,  together  with 

of  die  notch.  Oil  cylinder  and  working  parts-  Do  not  use  tallow,  but  good  lubricatirig  oiL 
OiKn  the  drip  cock.    Place  the  latch  handle  at  top  of  rack  and  lum  on  very  little  steam.    Iftha 

Clt^  the  drip  and  practice  the  dfect  of  different  poeitjona  and  motions  of  the  lundle  wi^ 

__ ,;... — ;i  i.^-.i:..     gg  careful  not  to  hammer  upward  or  to  strike  the  dies  to- 

.  ..L-..  ..L-  j;__* good  beuings  in  anvil  and  ram;  bearrrua 

-■ — tx-    Fnia  anpffimiit  be  level  and  die 


,.,  _„  ^ ...„  „.  ^ — J  ire  likely  ~  . „  _ 

tact*  bear  on  each  other  over  their  entire  aurface.  Wota 


;  on  the  guide,  the  piston  head  is  striking  the  bottom  of  the  cylinder;  the  anvil  j^ould 

be  raiaedor  a  higher  die  used.    At  night,  when  work  slops,  always  lea—  •*-  -"- 

,.     I...  j,_  ...  -i.  - —  _*__.,.     t^- — .ri ..  ffg(j^_    Examine  th 

move  the  buffers  and  ti 


and  the  handle  at  the  top  of 
■■-  the  piston  every  th"-  "-> 
<  packing.    RaiH 


he  top  of  stroke.    Wedge  a  steel  t 
anvil-    The  jAn  ^]1  dnve  the  piston  out.       To  remooe  main  valBe:    Th 
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Pig.  1.025. — Cross  section  of  small  double  frame  hammer,  showing  the  hammer  head  set  at 
an  angle  with  the  columns,  a  construction  allowing  the  use  of  straight  line  dies  without 
twisted  faces,  and  making  the  hammer  suitable  for  general  bladcsmith  work. 


Fig.  l,626.~^ross  section  of  large  double  frame  hammer.    On  this  hammer  work  is  confined 
to  the  making  of  forgings.  and  in  this  process  f orgings  are  only  worked  crosswise  of  the  die. 


NOTE— Con/jw^d. 

main  valve  is  about  one-sixty-fourth  of  an  inch  larger  than  upi>er  part,  to  insure  a  slight  down- 
ward pressure  of  the  valve.  When  removing  the  main  valve,  the  liner  or  bushing  must  be 
taken  out  at  the  same  time,  on  account  of  the  valve  proper  being  somewhat  larger  in  tb»  lower 
iwrtion.  Do  not  try  to  force  valve  through  the  casing.  The  9team  pipe  should  be  weD 
jacketed.  Keep  the  machine  well  oiled,  but  use  no  tallow.  The  exhaiutptpe  should  incline 
downward  from  the  hammer,  if  possible,  or  a  drain  pipe  be  connected  with  it  to  draw  off  ttw 
water.  No  cock  in  the  drain  pipe. 
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The  capacity  of  a  steam  hammer  or  its  rating  is  the  weight 
of  the  ram  and  its  attached  parts,  such  as  the  piston  and  rod. 
The  steam  pressure  behind  the  piston  is  not  considered  as 
far  as  the  rating  is  concerned.  For  example,  a  1,000  poimd 
hammer  has  reciprocating  parts  of  that  weight. 


Rule. — Multiply  the  area  of  the  largest  cross  section  to  be  worked  by  SO,  if 
of  steelt  or  60,  if  of  iron,  and  the  product  wHl  be  required  rating  of  the  hammer 
in  pounds. 

Example. — The  capacity  of  a  hammer  for  working  steel  billets  5  inches 
square  would  be  determined  as  follows:  5X5«"25  and  25 X 80 » 2,000, 
vmich  is  the  rating  of  the  hammer  in  pounds.  A  hammer  rated  according 
to  this  rule  is  an  economical  size  to  use,  although  it  can,  of  course,  be  em- 
ployed for  heavier  work. 


Hammers  should  be  operated  with  steam  at  a  pressure  of 
from  75  pounds  to  a  more  efficient  pressure  of  100  pounds  per 
square  inch.  They  also  may  be  operated  by  compressed  air, 
in  which  case  the  operating  valve  should  be  fitted  to  suit 

For  average  conditions  the  boiler  horse  power  can  be  deter- 
mined approximately  as  follows: 

Rule* — Divide  the  rated  capacity  of  the  hammer  in  pounds  by 
100,  and  the  quotient  will  be  the  boiler  horse  power  required  for 
continuous  operation. 

Example. — ^If  a  hammer  be  rated  at  2,000  jxjtmds,  the  boiler  horse 
power  would  be  2,000-5-100=20. 

The  rule  also  applies  in  cases  where  the  hanmier  is  not  used  continually, 
by  estimating  the  amotmt  of  idle  time  and  making  suitable  allowance,  but 
the  boiler  capacity  must  not  be  reduced  to  such  an  extent  that  there  is  a 
decided  diminution  in  the  pressure  during  the  working  period. 


> 
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The  capacity  of  most  of  the  board  drop  hammers  in  use  varies  from  800 
to  1,500  pounds;  the  steam  hammers  found  in  drop  forging  plants  usualhr 
range  from  2,000  to  5,000  pounds  capacity,  for  handling  average  work.  It 
does  not  seem  practicable  to  build  board  drops  larger  than  3,000  pounds 
falling  weight,  and  where  the  forgings  are  heavy  enough  to  require  a  capacity 
over  1,500  or  2,000  pounds,  steam  hammers  are  usually  preferred.  The 
latter  type  is  also  preferred  in  some  forge  shops  for  all  classes  of  work.  It 
is  generally  conceded  that  the  cost  of  operation  and  repairs  is  greater  for 
steam  hammers,  but  the  latter  has  a  greater  output  for  a  given  capacity. 

Board  Drop  Hammers. — This  type  of  hammer  is  generally 
considered  superior  to  the  steam  hammer  for  producing  drop 
forgings  of  small  and  medium  size.  When  the  work  is  heavy 
and  requires  a  great  deal  of  "breaking  down"  or  drawing,  or  even 
■when  the  forgings  are  light,  but  have  thin  sections  that  cool 
quickly,  thus  requiring  sharp,  rapid  blows,  the  steam  hammer 
will  usually  give  better  results  than  a  **board  drop." 

The  power  required  for  operating  board  drop  hammers  varies  consider- 
ably with  the  nature  of  the  work.  Very  little  power  is  required  at  the  point 
of  "pick  up,"  if  the  work  be  practically  **die  to  <fie" ;  but  when  the  work  is  soft 
and  there  is  no  rebound,  a  great  deal  more  power  is  required,  as  the  rolls  have 
to  pick  up  a  "dead  load"  from  rest  and  there  is  little  kinetic  energy  in  the 
driving  pulleys.  When  there  is  a  good  rebound,  with  the  knock  off  properly 
timed,  the  board  will  be  moving  upward  with  considerable  velocity  when 
engaged  by  the  rolls,  and  much  less  power  is  required.  Seasoned  maple 
boards  have  proved  superior  to  any  other  kind  for  board  drop  hammers. 
Paper  fiber  has  been  tned  with  fair  residts,  but  at  present  the  cost  of  this 
material  is  too  high. 
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CHAPTER  30 
STEAM  SHOVELS 


There  are  few  engineering  problems  which  contemplate  ex- 
cavation of  earth  or  rock  that  do  not  warrant  the  use  of  a  shovel. 

In  railroad  construction  they  are  employed  for  making  cuts 
and  for  digging  material,  which  is  deposited  into  cars  to  make 
fills  and  enbankments  and  for  loading  gravel  for  ballast  purposes. 

For  large  canal  excavation  and  for  shipping  overburden  from 
ore  deposits  and  loading  the  ore,  they  are  in  common  use. 
There  is  scarcely  a  large  brick  or  clay  plant,  gravel,  cement, 
or  rock  quarry  that  does  not  consider  a  shovel  an  essential  part 
of  its  equipment.  These  and  many  other  varied  fields  for  which 
shovels  are  used,  naturally  give  rise  to  numerous  types,  whiclr 
may  be  classed: 

1.  With  respect  to  locomotion,  as 

a.  Track; 
h.  Traction 


skids  and  rollers; 

wheels; 

caterpular. 


2.  With  respect  to  radial  action,  as 

a.  Revolving; 
h.  Swinging. 

3.  With  respect  to  the  lifting  gear,  as 

a.  Chain; 
h.  Wire  rope. 
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swing  type,  and  shows  the  mechanism  necessary  to  produce  the 
compound  crowding  and  hoisting  motion. 

The  dipper  js  suspended  by  an  adjustable  arm,  hinged  to  a  caniage  or 

i  dipper  go  that  the 


aubna&ticss 

■hallDwusU 

D  twelve  in 

ches. 

them 

terii 

.enabU 

rollei- 

iam, 

vedfon 

face  of  bank  tl 

hedio 

hen  cut 

stmlie.  on  either  the  forward  o 

ret 

tllrowathcthr. 

ttU  of  the 

mg  motion  is  I 

rmitalonK 

Irequmcy  of  changM  in  po 

^^■^.tlr?. 

toth,«rud 

'.."f^ 

wh 

eh  the  > 

jr  ahout  the  machine,  and  qi 


in  eeneial  contrscting  work.  It  li  u  nearir 
renders  the  machine  practicable  for  cut*  u 
s  not  requited.  When  power  ii  applied  the 
{ the  dipper  to  SU  oomplately  in  very  tbalknr 
ard  }tut  enoBBh  to  secure  a  cat  throu^  Uh 
"    ed.  ^Vhesreadiingthaendaf  the 


hovel  IS  beins  d| 


hoisting  force  Is  at  all  times  exerted  in  the  most  effective  manner,  while  tiB 
crowding  force  is  applied,  in  a  horizontal  direction.  This  type  of  shovd 
resembles  in  a  general  way  the  familiar  type  of  locomotive  crane,  having 
its  operative  mechanism  mounted  upon  a  rotary  bed  plate  or  turn  table 
and  carried  upon  a  single  four  wheel  truck. 

The  shovel  swings  through  a  complete  circle,  delivering  the  excavated 


STEAM  SHOVELS 


material  at  any  desired  point  either  at  the  side  or  in  the  rear  of  the  machine, 
which  the  shovel  operates 
IS  of  chains  hui^  over  the 


PtG.  1,630.— ThewBhoveli  view  aituttating  prying  motiDn  and  swivel  dipper  arm.  /ROfieraKon. 
W  the  iriaTiipulation  of  the  horizcntiil  crowoiiig  motion,  a  poweifulpryi^ 
the  opiration  being  similar  to  that  of  a  man  using  a  cm*  bar.    The  teeth  o£  the  dipper  are 
forced  under  the  material  uid  the  reverse  of  the  crowding  motion  applied.    The  result  is  a 
prying  Bctkm  sufficiently  powerful  to  brealc  up  most  hard  materials  without  the  necessit)"  of 

Kviously  "breaking  the  bond'^  or  loosening  it  in  any  way.  The  dipper  arm,  on  machmea 
ing  the  borizoutak  crowding  motion,  is  round  and  retained  in  the  dipper  arm  sleeve  by 
means  of  a  swivel  clamp.  When  one  of  the  dipper  teeth  or  one  side  of  the  dipper  encounters 
an  unusual  obstacle,  the  round  dipper  arm  swivels  in  its  sodcet.  permitting  a  lirnited  lateral 


be  {fipper  artn  is  relieved  fr 
,  -^  - — ^,.--,jd  to  the  boom,  while  the  pull  of  the  hoiBtintfcabl 
cutting  edge  of  dipper  lip.     By  means  of  the  damp,  which  also 


Id  otherwise  be  transmitted  to  the  boom,  while  the  pull  of  t 
^t  .  --^■. ..■ .      3f  dipper  lip.     By  means  of  the  cL 

any  desired  deiith  withui  a  range  of  about^SO  inches  bi 


A  horizontal  motion  is  imparted  to  the  dipper,  by  its  suspension  from 
a  carriage  or  trolley  moving  horizontally  along  a  suitably  designed  track- 
way. Tlie  shovel  is  mounted  upon  car  wheels,  set  to  narrow  or  standard 
gauge,  or  upon  traction  wheels,  for  transportation  over  city  streets;  is  self 
propelling. 

The  hcasting,  swii^ng,  and  crowding  motions  are  controlled  by  double 
horizontal  reversing  engines.  Some  of  the  dimensioDS  of  a  small  full  circle 
swing  shovel  are  as  follows; 
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Swing  of  boom 18'  Crowding  engine  double. .  4X5 

Height  of  boom 18' 6"  Vertical  boiler 36X84 

Lift  of  dipper 10'  Steam  pressuie 10X100  lbs. 

Radius  of  cut 20'  Boiler  feed Injector 

Length  of  crowding 6'  Capacity  of  dipper. ^-J^cu.yd. 

Hoisting  engine  double.... 5X6  .  Rated  capacity  ^  hour -.  ,35-40cu.yd. 

Swinging  engine  double.... 4X5  Approximate  weight 27,000  lbs. 


FlC    1,S31.— Semi- 

portBble  _  osount- 


Fig.  1 ,832. — CaterpiDttr  traction,  a  deaiiable  mounting  where  the  nurtiinB  is  to  be  moved  abAt 

Fic.  1,633. — Pourwheel    | 
ecmaliiing   trucks. 

propelling    in   which 
case   the    drag  lines 

henmountfid 


L 


a'diHv™  b™p^H    r 


draff  lines  ihi  truc^  

would  be  mounted  directly  under  each  corner  of  the  base,  but  on  the  tarol«gerdr«IlB* 
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Fig.  1,634  shows  a  track  shovel  of  the  swing  type.  Here,  in- 
stead of  the  entire  machine  turning,  the  boom  carrying  the  shovel 
is  pivoted  which  permits  radial  movement  but  to  a  lesser  extent 
than  in  the  revolving  type. 


Ptc  1,034. — fincynu  itcam  ibovel  lot  ■eneral  contncting  uid  nilroad  mnk  ii 


FlC.  1.63S. — Bucrnu  steel  boooi  showing  swinging  and  boom  engine  tbmstina  gears,  etc 

Traction  Devices. — Fig.  1,631  shows  a  semi-portable  rig 
consisting  of  skids  and  rollers.  This  forms  a  standard  mounting 
for  dray  line  work.  When  mounted  in  this  way,  the  dray  line 
(later  described)  travels  on  a  track  of  plank  laid  on  the  ground 
and  is  pulled  ahead  by  pulling  itself  up  to  its  bucket,  which  in 


I 
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this  case  forms  an  anchor.  The  caterpillar  traction  is  shown  in 
fig.  1,632.  Where  the  machine  is  to  be  moved  around  to  any 
extent  this  is  an  ideal  mounting  a^  it  eliminates  the  gang  of  men 
necessary  to  carry  plank  and  rollo^,  or  to  handle  track  sections. 

Modifications  of  Standard  Shovels. — The  term  standard 
shovels,  applies  to  those  machines  having  dimensions  and  char- 
acteristics which'  loi^  experience  has  shown  to  be  most  efficient 


._^— g  and  emwdinB  engiae.    It  ibb  double  cylinder  center  cimnk  n- 

.    Tlw  btd  piste  is  a  singls  cBitiug,  with  bored  guides  for  the  main  ciom  he*d. 
iDsction  [or  the  valve  stecu. 

and  best  adapted  for  general  requirements.  Modified  forms 
are  often  necessary  to  meet  special  conditions  of  service,  and 
the  following  modifications  are  frequently  employed. 

Sewer  Trench  Boonu. — For  sewer  trench  work  at  considerable  depths 
bdow  the  surlace,  special  booms  with  long  dipper  handles  and  special 
dippers  <^  reduced  capacity  designed  particularly  for  sitch  condidcHis  are 
recoounended.  Because  of  the  increased  leverages  and  proportionatdy 
greater  strains  such  booms  are  of  extra  heavy  construction.    Frequently 
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,637  to  1,641.— Vuious 
I  of  Thew  Bteam  shovel. 
1.637.   type    O  Bboyel 


type  O  shovel  using  shipper 
^aft  mechanism  end  long 
dipper  stick  in  trench  eica- 
valion:  fig.  1,640  e.ampla  of 
high  lift  work  done  by  Thew 
ihovel  equipped  with  lone 
dipper  afick;  lift  is  20  ft. 
above  level  of  wbeela:  fig. 
1,641  example  of  how  Tbcw 


STEAM  SHOVELS 


S  Clam    Shell 

_  A>om«.  —  For  clam 

S  sbell  operation  or  for 

,|  use  as  a.  locomotive 
crane  a  special  boom 

S  is  provided  with 

0  auiiliary  medianism 
•a  for  derricking  bcxim 

?and  handling  second 
rope  of  dam  shell  or 

S  orange  peel   bucket. 

J  Ft*  railway  construe- 

"g  tion     the     standard 

E  shovel  is  fre<]uently 

t  emplojfed  in  the 

1  manner  indicated  on 
'I  the  opposite  page. 
°  For  emergexicy  re- 
S  quirements  the  so- 
.s  called  single  rope 
I  clam  shells  may  be 
^  used   with    standard 


Drag  Scraper 

'ffooww.— For  Type  1 
and  larger  shovels 
special  booms  can  be 
furnished  with  neces- 
sary mechanism  for 
handling  drag  scraper 
buckets.  Counter- 
weighting  is  essential 

radius  of  action. 

Jack    Knife 
Boom*.  —  For  work 
on  city  streets  it 
at  times  desirable 
reduce  the  clearance 
height    of    boom 
swing   under   trolley 
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wires.  This  may  be  accomplished  without  interfering .  with  the  efficiency 
of  the  shovel  in  general  work  by  having  an  adjustable  section  at  end  d 
boom  as  showiL  on  the  opposite  page. 

Hiffh  Lift  Booms.— -Local  conditions  scMnetimes  demarkd  the  use  of 
longer  booms  to  secure  greater  dumping  height  or  radius.  Such  modifica- 
tions result  in  decreased  efficiency,  loss  in  stability  and  hoisting  power, 
reduced  operating  speed  and  increased  strains  on  swinging  mechanism. 
They  shoidd  be  avoided  if  possible. 


Special  Boiten. — When  shovels  are  to  be  employed  in  localities  havieg 
boiler  requirements  of  a  special  nature,  such  bet  should  be  speofied  in 
pladng  order. 
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CHAPTER  31 
TRENCHING  MACHINERY 


The  varied  conditions  met  with  in  excavating  work  give  rise 
to  several  types  of  machine  in  addition  to  those  classed  as 
steam  shovels,  and  which  are  properiy  known  as  excavators 
or  trenchers.    The  principal  machines  of  this  class  are: 

1.  Drag  line  excavators; 

2.  Trench  excavators; 

3.  Ditching  machines. 

Drag  Line  Excavators. — Machines  of  this  type,  though  not 
properly  classed  as  steam,  shovels,  are  closely  related,  for  with 
the  addition  of  a  boom  and  dipper  handle  they  become  steam 
shovels. 

This  machine  is  becoming  recognized  more  and  more  as  capable  of  doing 
work  which  formerly  had  been  done  by  hand  and  team  labor  and  in  many 
cases  supplements  work  commonly  done  by  the  steam  shovel  and  the 
dredge.  Its  broadest  field  is  perhaps  the  field  of  irrigation  and  drainage 
ditches. 

Because  of  its  wide  radius  of  action  it  can  deposit  the  material  far 
enough  from  the  cut  to  keep  the  weight  off  the  banks  and  prevent  caving. 
Furthermore,  it  can  dig  a  much  better  slope  than  it  is  possible  to  make 
with  a  dipper  dredge  or  a  steam  shovel.  It  is  especially  efficient  in  levee 
or  dam  building  where  it  may  travel  parallel  to  the  work  and  borrow  the 
material  from  one  side. 

Experience  in  Louisiana,  on  reclamation  projects  in  the  West,  and  else- 
where, has  proved  conclusively  that  it  will  construct  as  compact  and 
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watertight  ._.     __ 

can  be  built  by  any  other 
method.  In  like  manner  rail- 
road fills  may  be  constructed. 
Here  the  rehandling  of  the  ma- 
terial and  the  necessary  extra 
e<]uipm«nt  can  be  done  away 
with.  Sand,  ^vel  and  clay 
pits  are  also  bemg  successfully 
operated  by  these  machines. 
Ina^nucb  as  it  digs  below  the 
level  on  which  it  stands,  rain 
may  occasionally  flood  Qie 
excavation  without  stopping 
the  dragline,  whereas  a  steam 
shovel  woidd  be  "drowned 
out."  Many  pits  whidh  have 
been  worked  down  to  water, 
have  been  re-opened  by  Mm 
dragh'ne  by  virtue  of  this  fact 
Its  wide  reach,  furthermore, 
eliminates  the  necessity  of 
frequent  moving.  Draglines 
3  are  also  being  used  for  placer 
S  mines  where  conditions  pre- 
S  vent  the  economical  use  of  a 
S  Ibs^  gold  dredge. 
t  Some   of  the  dragline   ez- 

E  ally     adaptations     of     light 

"^  hoisting  machines  capable  of 

S  giving  fair  results  only  under 

^  the  most  favorable  conditions 

*  and    often    not   even   then. 

3  This   has   led    to   a   general 

3  misapprehension    as    to    the 

0  actual  field  of  a  machine  built, 
3  as  it  should  be,  built  along  thff 
%  substantial  lines  of  a  steam 

1  shovel.  Eflfective  and  econom- 
S  ical  operation  requires  both 
J  speed  and  the  great  strength 
^  necessary  for  continuous  oper- 

(  The  accompanying  illus- 

S  trations    show    the    con- 

-f  struction  and  operation  of 

£  dragline  excavators. 
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Trench  Excavators.^Perfect  ditching  is  reproducing  in  the 
ground  exactly  to  form  and  dimension  the  engineer's  computed 
ditch  plans.  These  plans  invariably  call  for  sloped  sides,  wide 
berms,  even  spoil  banks  -and  a  smoothed  channel  true  to  line 


Fig.  1.051.— BucyruB  dragline 

point.    A ifood opemtOT can ,. 

dfipendiug  upon  the  size  at  the  machiiu 
digging  depth  does  not  conform  to  anv 
bat  varies  gicatly  w 


Fic.  1,652.— Bueyrus  drag  line 
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and  grade.  Unless  there  be  no  merit  in  this  precision  of  en- 
gineers' ditch  plans,  these  plans  should  in  actual  construction 
without  question  be  reproduced  in  the  ground. 

There  is  merit  in  the  truly  planned  ditch  section.     Volimie 
of  flow,  speed  of  current,  caving  of  banks,  silting  of  channel. 


Pig.  1.653.^^iistm  excavator  beginning  ditch  allowing  metJux]  of  dumping  buckets.  This 
typt  of  eicavalnr  is  adapted  to  digging  aeBrly  all  kinds  of  ditches  wiien  supported  on  a 
Crack  resting  on  .the  surface  of  the  Eround,  as  shown,  one  rail  being  placed  on  each 
side  of  the  ditch  lor  roller  platform  traction).  Thus  mounted,  it  easil/  propels  itself  for- 
ward or  backward  at  the  niU  of  the  operator.  The  presence  of  water  in  Uie  ditch  does  not 
seriouslx  interfere  with  the  yardage  capacity.  By  commencing  at  the  outlet  ot  lower  end 
of  the  ditch,  the  water  is  disposed  of  to  quite  an  eictent,  and  generally  the  machine  paaaes 

— .-  *^ •  pTjund  comparatively  dry  shod.    LarfiB  lakes  and  extensive  swamp  areas  have 

m  this  manner.    A  ditch  left  smooth  contains  no  obstructions,  and  since  banks 


been  drained  m  this 


«red  at  a'diatanc'eTSisunng  abermot  practically  any  desired  width,  and  the'w. 
hen  torn  up  by  dipper  dredffcs  that  can  deliver  the  waste  banks  only  immec 


NOTE.— Pm/^Kt  dltchet. 

which  will  carry  water  makes  u  -.^..  ^..^-^.^  « „ -  -  r 

followins  requirements  must  be  fidfilled:   1,  the  bottom  of  the  ditch  nul 

free  troai  roughness.    2,  the  sides  o£  the  ditch  must  be  true  ar-* **-  ■ 

foMn  the  bottom  at  an  angle  flat  enough  b "  *' 

3,  the  earth  below  the  true  planes  o(  "*    ''  ' 


._j  , „. „  „'ork  or  slide  back  _.. 

le  ditch.    5,  the  spaces  between  the  edges  of 


ncalT^bei 


be  vida  and  eUan- 
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minJTniim  of  excavatioH  are  all  taken  into  consideration  by 
the  engineer  and  bis  plan  of  ditch  section  is  the  one  that  best 
meets  all  requirements.     To  vary  from  his  plans  may  cheapen 
excavation  but  it  is  at  the  expense  of  efficiency  of  the  ditch. 
The  function,  then  of  a  trench  excavator  is  to  reproduce  in  the 


Fig.  l,eM, — ShihH  sewer  trench  duq  by  Psrsona  eicsvator  at  Aberdeen,  S.  D,     The  machine 

ground  in  one  operation  the  form  and  dimensions  of  the  engineer's 
planned  trench  section.  That  is  to  say,  a  trench  excavator  digs 
to  template. 

A  typical  trench  excavator  such  as  is  shown  in  fig,  1,653,  and 
suitable  for  digging  drainage  and  irrigation  ditches  and  building 
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levees,  consists  of  a  structural  steel  "frame"  which  spans  the 
ditch  and  propels  itself  on  wheeled  trucks  (or  caterpillar  traction 
wheels)  running  along  the  berms.  This  frame  supports  the 
operating  machinery  and  also  a  bucket  guide  frame.  The 
bucket  guide  frame  has  vertical  movement.     When  hoisted  it 


er  the  □scillating  power  at  two  pointB  on  th«  digger 

r through  a  lares  fly  wheel  and  eipanding  clutch 

!t«.    Traction,  Bteering  and  fioiating  power  are  delivered  indit- 
•     '    '■     "  istliro'    ■        J  — -i — . 


pcndentljr  by  a  gppoclet  on  the  crank  shaft.  Power  BtMiinaisOi  rough  worm  ai 
ahiftinK  one  lever  being  the  only  operation  necessary.     The  hoisting  device  is  operaUd 
thiougn  a  worm  gear  by  one  lever  anc!  permits  the  grade  to  be  maintained.    Power  is  applied 
to  the  driving  wheels  at  the  wheel  rim  by  bull  pniions,  these  pinions  being  keyed  to  the 
differential  shaft.    The  drivers  are  supplemented  by  a  heavy  steel  cable  mounted  oi 

ahead  aoA  traction  obtained  regardli 


which  i«  seared  to  the  driving  shaft.    In  case  the  drivers  should  slip  in  soft  ground,  th: 
.      . leas  of  the  actiot 


of  thednvert 
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rides  clear  of  the  ground,  and  from  this  high  position  it  can  be 
lowered  by  degrees  to  the  depth  below  the  surface  of  the  trench 
bottom.  This  guide  frame  is  the  template,  made  to  the  en- 
.gineer's  ditch  plans,  on  which  the  excavating  bucket  travels 
and  cuts  the  ditch  exactly  to  desired  shape. 

When  grade  is  reached  the  guide  frame  is  raised  to  high  point,  the  machine 
moves  itself  eihead  the  width  of  the  bucket  and  the  operation  is  repeated. 

The  travel  of  the  excavating  bucket  is  across  ditch.  It  shaves  off  a  thin 
slice  down  one  side,  across  the  bottom  and  up  the  opposite  side.  It  then 
makes  a  return  stroke,  repeating  the  cut  in  the  opposite  direction.  The 
frame  carrying  the  bucket  is  lowered  as  the  ditch  increases  in  depth,  so 
that  banks  and  bottom  are  cut  to  exact  specifications.  There  is  no  loose 
earth  left  in  the  trench,  and  the  original  strata  of  earth  in  the  banks  and 
bottom  are  undisturbed  and  remain  perfectly  firm. 

The  machine  constructs  a  trench  any  reasonable  depth,  with  slope  of 
sides  1  to  1  or  IJ^  to  1,  at  a  single  operation.  The  waste  banks  are  also 
constructed  at  a  distance  from  the  trench,  and  they  may  be  made  con- 
tinuous to  serve  as  dikes,  thus  increasing  the  capacity  of  ditch;  or  the 
earth  can  be  delivered  to  either  side,  and  at  various  distances. 

Ditching  Machine. — This  type  of  excavator  differs  from  a 
trenching  machine  in  that  it  digs  a  narrow  deep  trench  or  ditch 
with  vertical  instead  of  sloping  sides.    Its  essential  features  are: 

1,  a  system  of  digging  buckets  which  operate  in  the  direction  of 
the  excavation  instead  of  transversely  as  in  a  trench  excavator; 

2,  a  conveyor  that  will  deposit  the  excavated  material  on  either 
side  of  the  trench  at  the  will  of  the  operator;  3,  propelling 
mechanism.  Pig.  1,655  shows  a  type  of  ditching  machine  suitable 
for  digging  ditches  of  considerable  depth  and  having  a  range 
of  width  between  twenty-two  and  forty-two  inches. 
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A  dredge  may  be  defined  as  a  marine  or  floating  excavator-,. 
their  construction  has  much  in  common  with  the  steam  shovels, 
and  excavators  described  in  the  preceding  chapters.  There 
are  several  types  of  dredge,  designed  to  meet  the  varied  con- 
ditions  of  dredging;  these  may  be  classed  as 

1.  Dipper; 

2.  Hydraulic  or  suction; 

3.  Elevator. 

Dipper  Dredges. — This  type  of  machine  is  virtually  a  floating: 
steam  shovel.  It  has  in  common  with  the  shovel,  the  character- 
istic features  of  dipper,  handle,  boom,  rigging,  etc.  The  ma-^ 
chinery  being  mounted  on  a  scow  or  flat  bottom  hull. 

For  securing  the  dredge  in  position  a  system  of  spuds  is  em- 
ployed. These  consist  of  heavy  timbers  (usually  reinforced) 
which  are  arranged  to  move  through  supports,  and  by  means 
of  cable  or  rack  and  pinion  movement  can  be  let  down  vertically 
and  stuck  into  the  bottom  of  the  stream,  thus  anchoring  the 

dredge. 

In  some  cases  the  spuds  are  arranged  in  an  inclined  position 

so  as  to  project  to  the  banks  or  sides  of  the  stream.    Fig.  1,660 

shows  the  general  arrangement  of  a  dredge  with  convertible 

band  and  vertical  power  spuds* 
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Fic  1,SS7. — Mftrion  dipper  dredge  improving  Louiiiuui  Canal  B]i 


Ok  dipper  dredge,  baTing  92  foot  re 


Fig.  1.SS9. — Muion  dipper  diedge  catting  ditch  tliTOugh  Cii 
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Hydraulic  or  Suction  Dredges. — The  essential  feature  of 

this  type  of  dredge  is  a  pumping  plant  of  considerable  capacity, 
having  a  suction  pipe  projecting  over  the  side  of  the  dredge 
hull  and  so  hinged  that  it  can  be  lowered  and  moved  radially 
over  the  surface  of  the  material  to  be  dredged. 

In  operation,  the  dredging  pump  creates  a  partial  vacuum  in  the  suction 
pipe  which  produces  a  strong  velocity  of  water  in  same,  sulBcient  to  draw 
in  the  material  and  keep  it  moving;    and  the  pump  also  produces  tiie 


•o,  ],660. — Furbank's  convertible  blink  and  vsrticHl  power  spudi.  They  are  operated  hj 
means  oEjwwerful  geara  meshing  into  heavy  wida  ricks  attached  to  the  spud  memben  ** 
shown.  The  drive  u  bv  a  worm  on  a  horiiontal  shaft.  The  method  of  operation  enables 
the  dredge  to  be  moved  either  fore  or  aft.  The  power  is  suppUed  by  independent  reveniilt 
valve  engines  compounded  and  direct  conneclecf  to  driving  gear,  much  gives  the  opoatol 
complete  control.    On  small  machines  the  spuds  are  operatM  by  (ptocket  and  chain  Irooi 


pressure  necessary  to  force  through  the  discharge  pipe  line  to  distance 
desired,  and  at  the  same  time  elevates  to  reasonable  height. 

If,  occasionally,  the  material  should  be  found  too  hard  packed,  a  few 
jets  of  water  under  pressiwe  from  a  centrifugal  pressure  pump  delivered 
at  the  suction  intake  will  help  in  boiling  up  the  sand  so  that  the  pump 
can  draw  it  in  to  better  advantage. 

For  general  dredging  service  where  all  classes  of  material  will  be  handled 
it  is  necessary,  however,  to  use  an  agitator  or  cutter  to  cut  and  loosen  the 
material,  after  which  the  pump  will  draw  it  in  to  the  suction  pipe. 


Here  the  suction  pipe  is 
mounted  within.  &  structu- 
ral steel  ladder  hinged  to 
the  dredge,  of  siutable 
length  to  dredge  to  the 
depth  required ,  and  ot  very 
heavy  proportions  to  stand 
the  strain  due  to  dredring 
in  hard  material.  The 
cutter  is  provided  with  a 
series  of  cutting  blades 
and  is  mounted  on  a  powei- 
ful  shaft  supported  on  the 
ladder  ajid  driven  through 
gearing  from  an  indepen- 
dent engine.  If  properly 
constructed  even  shale 
rock  can  be  dredged. 

Usually  two  spuds  are 
arranged  in  the  stem  of 
the  dredge  that  act  as 
anchors  to  hold  the  dredge 
in  position.  By  means  of 
winging  lines  to  either  side 
of  the  (&edge  controlled  by 
a  hoisting  engine,  the 
dredge  is  swung  from  side 
to  side  on  the  spud  as  a 
pivot  and  thus  the  dredge 
can  also  be  moved  foi^ 
ward  as  the  work  progress- 
es and  the  dredging  opera- 
tion be  perfectly  control- 
led. 

The  hydraulic  dredge  is 
very  economical  in  hand- 
lii^  sand,  gravel,  silt,  mud, 
clay,  loam,  etc.,  in  fact,  it 
can  be  used  in  all  classes 
of  material   except   solid 

The  dipper  dredge,  ele- 
vator dredge,  or  other 
types  of  dredges,  are  effi- 
cient  machines  but  neither 
can  deliver  the  material 
except  within  a  very  short 
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radius  of  the  dredging  operation.  If  the  material  is  to  be  delivered  at  any 
distance  it  must  be  done  by  means  of,  for  instance,  dump  scows  requiring 
tug  boats,  etc. 

The  hydraulic  dredge  not  only  dredges  the  material,  but  also  delivers 
it  to  just  the  point  desired  as  regards  distance  and  height,  all  with  one 
operation;  and  the  cost  of  the  dredge,  considering  its  capacity,  is  less 
than  any  other  type  of  dredge. 

A  dredge  is  most  eflicient  when  handling  the  greatest  amount  of  material 
with  the  least  amount  of  water. 


By  the  use  of  the  rotary  cutter  and  by  systematically  swinging  the 
dredge  and  movin?  forward  on  the  spuds  the  amount  of  material  fed  to  the 
pump  can  be  regmated  so  that  the  dredge  is  carrying  the  maximum  per- 
centage of  nmtenal  constantly. 

The  operator  or  lever  man  has  before  him  a  vacuum  gauge  showing  the 
vacuum  in  the  suction  pipe  and  a  pressure  gauge  showing  the  pressure 
in  the  discharge  pipe;  the  reading  of  the  vacuum  gauge  when  handling 
material  is  greater  than  when  pumpmg  water  only,  and  the  operator  shortly 
becomes  proficient  so  as  to  keep  the  vacuum  read-n^  at  the  pmnt  which 
carries  the  greatest  amount  of  material  without  choking  the  pipe. 
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The  power  required  to  drive  the  dredging  pump  depends 
upon  the  elevation  above  surface  of  water  to  which  the  material 
is  to  be  raised,  the  length  of  pipe  through  which  delivery  is  to 
be  made,  and  character  of  the  material. 

In  fine  sand,  silt  or  mud,  a  high  velocity  through  the  discharge  pipe  line  is 
not  necessary  to  obtain  satisfactory  results.  In  coarse,  heavy  sand  and 
gravel  the  velocity  must  be  high. 

Overcoming  the  friction  through  the  discharge  pipe,  therefore,  represents 
a.  large  portion  o£  the  power  that  must  be  expended  in  driving  the  pump. 


eogine  as  lued  on  hydi^ulLc  dredge. 

In  ijumping  water  only,  large  pipes  are  used  to  reduce  the  velocity  and 
frictional  resistance  and  thus  save  power.  In  a  dredgii^  pump  a  high 
velocity  is  necessary,  however,  so  that  the  material  may  be  carried  through 
the  pipe  without  settling  and  choking  the  pipe. 

For  most  economical  operations  as  regards  power  used,  the  velocity 
through  the  pipe  line  should  not  be  higher  than  is  just  necessary  to  carry 
the  material  satisfactorily. 


As  the  frictional  resistances  decrease  with  larger  sizes  of  pipe,  it  foUom 
that  with  long  pipe  lines  the  larger  dredge  becomes  the  more  efficient  in 
use  of  power  and  operating  cost  per  cubic  yard  handled. 

With  easily  handled  material  the  delivery  pipe  may  be  a  mile 
in  length  or  more. 

With  heavy  material,  requiring  high  velocity,  the  length  trf  the  pipe 
line  can  usually  not  exceed  4,000  to  5,000  feet.  For  longer  pipe  line  tie 
pressure  required  on  the  dredging  pump  becomes  too  great;  there  will  be 
difficulty  in  maintaining  the  rubber  sleeves  joining  the  pontoon  pipe, 
and  the  wear  on  the  dredging  pump  b "" 


The  practical  maximum  discharge  pressure  is  from  45  to  55 
pounds. 

For  long  pipe  line  it  therefore  becomes  necessary  to  use  relay  pumps; 
that  is,  the  dredge  pump  delivers  through  a  certain  length  ot  discharge 
pipe  into  the  suction  of  a  relay  pump,  which  pump  then  delivers  through 
the  remainder  of  the  pipe  line. 

Pot  high  elevations  and  very  long  hnes  several  relay  pumps 
may  have  to  be  used- 


Fio.  1,970. — 20  inch  Bucynia  hydraiilic  dredge  at  worlt  on  the  Great  L; 


Fio.  1,671. — 20  inch  Bucyras  bydraoUc  dndge  diggmg  a  canal.  EhowiiiR  catter  in  ogaatioa. 


The  efficiency  of  a  dredging  piunp  is  usually  from  40  to  50  per  cent.  As 
the  pump  must  be  built  with  large  openings  to  pass  all  classes  of  material 
the  efficiency  must  be  largely  disr^arded.  The  main  requirement  is 
ability  to  keep  going. 

For  sake  of  economy  dredgii^  pumps  of  medium  or  large  size  are  usually 
directly  connected  to  compound  or  triple  expansion  engmes. 

To  better  adapt  a  dredge  to  the  varying  conditions  of  lengQi  of  pipe 
line  and  elevation  it  is  well,  with  a  directly  connected  pump,  to  provide 
several  different  diameters  of  impellers  so  as  to  enable  full  boiler  capacity 
and  the  maximum  horse  power  of  the  driving  engine  to  be  utilized  at 
all  times. 


Pic.  1.673.— Plan  of  wmding  maclimery  of  Norbom  hydraulic  dredBS.    Tho  si 

hog  fiup  rfniniQ    rsi-h  with  fnetjnn  Aitft  nrrt  band  bral«a,  hU  operated  ftOOl  B.  K — 

'       Tbe  vindinff  mHchiiieiy  ia  ao 


L 


earinea  Teat  on  cast  iron  stands.    Tbe  vindin^  mHchiiieiy  ia  aome- 
03,  which  ia  eapeciiJly  useful  whea  the  ladder  ia  mmde  for  mde- 


With  a  long  pipe  Une  a  large  diameter  of  impeller  is  required. 

If  same  impeller  were  used  with  short  pipe  hne  the  engine  speed  would 
be  held  down  so  that  the  engine  could  not  deliver  its  maximum  power. 
Therefore  with  the  short  line  a  smaller  impeller  should  be  used,  enabling 
the  engine  to  speed  up  and  deliver  its  maximum  power  and  thus  a  greater 
amount  of  material  be  handled. 


Fin.  1,674.— Parker  p- 


Flo.  1,67B.— Parltere 
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The  machinery  of  a  hydraulic  dredge  may  be  divided  into 
several  units  or  groups,  as         -" 

1.  Boiler  plant; 

2.  Steam  piping  and  auxiliaries  such  as  condensers,  auxiliary 
pumps,   feed  water  heater,   hot   well   and  all   such  auj 
necessary  to  make  a  complete  plant; 

3.  Pumping  unit; 

4.  Cutter  machinery; 
6.  Winding  machinery; 


Pig.  1,678.— Arrangement  of  operating  levers  on  Norbom  hydisolio  dredge.    These  lnven 

6.  Hull  piping  and  fittings; 

7.  General  fittings  such  as  sheaves,  wire  rope,  moving  bits, 
spuds,  and  frame  fittings,  etc. 

Usually  some  type  o(  shell  boiler  is  used.  The  dredging  pump  is  of  the 
centrifu^l  type,  sizes  6  to  20  inch  being  used  in  the  western  rivers  for 
dredging  sand  and  gravel  for  building  purposes  and  other  uses.  Here 
U3U£uly  the  sand  lies  loose  and  the  suction  force  of  the  pump  is      "-  ■    -- 


Fio.  1,078. — Biicynia  SH  ft.  gold  elavfttbi  or  Dl««r  dredge  at  mnk  aeax  Nomei  Alaska. 


The  dredge  for  this  class  of  service  becomes  exceedingly  simple,  consisting 
prindpally  of  the  dredging  pump  with  its  driving  equipment  mounted  on 
a  scow;  the  suction  being  a  pipe  of  sufficient  length  to  reach  to  the  bottom 
witi  a.  piece  of  flexible  suction  hose  in  same  to  give  necessary  flexibility 
so  that  the  suction  can  be  raised  and  handled  as  desired. 

The  material  is  usually  delivered  into  a  flat  deck  scow  with  raised  sides, 
so  that  the  sand  is  retained  and  the  water  flows  back  into  the  river.  Some- 
times these  dredge  boats  are  self-propelling  and  provided  with  hopp^s 
into  which  the  n:iaterial  is  pumped. 


PlO.  1,880, — Marion  Bold  dredge  used  ia  winter  boU  dredging.  Alder  Guleh,  Montan*. 

Elevator  Dredges. — This  type  of  dredge  is  constructed  with 
an  endless  chain  of  buckets  which  travel  on  sprockets  attached 
to  suitable  booms,  the  rig  being  designed  for  such  service  as  ex- 
cavating gold  bearing  material. 

The  material  is  deposited  near  the  center  of  the  dredge,  where 
it  is  dumped  into  screens  which  separate  the  stones  and  coarser 
material  from  the  gold  bearing  sand.  The  sand  then  passes 
over  riffles  and  gold  saving  tables  and,  after  the  gold  is  col- 
lected, passes  on  to  the  tailings  pile  at  the  rear. 

Fig.  1,680  shows  Marion  gold  dredge  used  for  winter  gold 
dredging.  Alder  Gulch,  Montana. 
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Concrete  mixture  is  cement,  sand,  and  gravel  or  broken 
stone,  mixed  with  water.  The  quality  of  a  concrete  mixture  is 
determined  by 

1:  The  quality  and  proportions  of  the  materials  composing 
it,  and 

2.  Its   uniformity. 

Hence,  the  best  mixture  depends  not  alone  on  the  quality 
of  material  but  upon  the  quality  of  the  mixing; 

To  properly  mix  concrete,  the  elements  must  be  successively  subdivided 
and  re-arran§ed  in  new  relations  toward  each  other.  To  keep  the  fine 
pieces  from  sifting  to  the  bottom,  a  pouring  action  is  necessary,  combined 
with  a  horizontal  endwise  movement,  averaging  all  parts  of  the  batch. 

The  essential  parts  of  a  concrete  mixer  are: 

1.  Charging  hopper; 

2.  Mixing  drtrai; 

3.  Water  tank; 

4.  Discharge  device. 

The  Charging  Hopper. — ^This  should  be  not  over,  36  to  40 
inches  high,  so  as  to  be  convenient  for  either  shovel  or  wheel 
barrow  charging.  It  should  also  be  wide  enough  to  receive 
the  discharge  of  an  ordinary  concrete  barrow,  and  have  high 
^ngs  to  keep  the  gravel  from  spilling. 
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Fic.  1,686 Laltewood  chaiguig  boppei. 


Pio.  1,687. — Grand  charging  hopper.  In  optrallon,  as  hoppsT^  B,  and  C,  reeiproeale  baclt- 
ward  and  forward,  the  material  that  ia  thrown  into  hop[>er  B,  is  farced  toward  the  miEing 
trough  at  one  move  of  the  hopper,  ahoving  charge  T,  oS  into  the  mijung  troufih  and  at  the 
■ame  time  "striking  oS"  charge  J.  Attheneit  movement  of  the  hopper,  charge  J,  is  shoved 
into  the  miiing  trough  and  charge  I.  is  "struck  off."  The  amount  of  these  charges  ia  de- 
termined by  the  hd^t  of  si™l  wire  bmshes  Gl  and  G2.  whichare  adjnatable.  The  amount 
of  the  cement  discharged  is  regulated  by  a  steel  alide  which  jjaases  over  the  cement  feed  roll. 

part  of  cement  roll  to  £L1  and  dischaiGe-  After  slide  is  set  for  desired  proportion  it  is  locked 
ui  place  by  set  screw  so  there  is  no  possible  chance  for  variation  id  the  proportion.  By 
diaoharging  the  cement  and  other  materials  at  the  same  time  we  receive  a  good  gravity  mii 
before  the  matetial  even  reaches  the  miiing  trough. 
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Mixing  Drum.— The  drum  is  usually  cylindrical  and  rotates 
on  bearings  called  trunnion  rollers. 


ck  to  iriiidi  power  ii  ai 
um  U  a  head  bavioff  a 


ig  dium  as  d«cribed  19  abowa 
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vm.  the  mechanism  being  nd/u^table  so  thut 
IV  pTOportion  mH^  be  obtained.  The  feed  ia  eon- 
oiled  by  an  individual  clutch  and  may  be  stwped 
'  start^  resardlesa  of  the  rest  of  the  macbine- 
ftcn  foi  vshoua  nssonj,  tfaishovelcrsslopfon 
inuto  or  two^  In  sucb  caAea  the  feed  ia  tbrown 
It  of  gear  by  a  clutch  levet.  Further  if  it  be 
rBired  to  onipty  the  drum,  the  feed  may  be  alopped 

le  materials  are  all  discharged.  The  materials 
'e  conveyed  or  fnrced  into  the  mixing  drum  by 

mveyor    drnini  are  driven   by   three   aprtickEt 


chine  a  capacity  up  to  one  hundred  yarda  in  ten 

which  ate  gradusted  and  provided  with  a  posilive  locking  device.  Thapartm  art:  A.  chain. 
B.  Bcrepcr  links  for  aand;  C,  acraver  linlts  for  cement;  D,  idle  sprocket;  E,  idle  sproilet 
for  sand  chain;  P.  idle  sprocket  for  cement  chain;  G.  square  shaft;  H.  sprocket  feed  drive: 
J.  adjustment  for  thickness  of  brashes;  K,  cement  slide;  L.  bnahes  f or  Band  or  _Btone;  M. 

forstone  or  sand;  P,  slotted  slide  for  holding  proportioning  cam;  Q.  lock  nut  for  &oUg 
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Water  Tank. — The  water  used  in  mudng  concrete  is  usuEilly 
placed  in  an  elevated  tank  containing  some  device  to  regulate 
the  flow. 
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On  one  type  of  tank,  tlie  amount  of  water  desired  is  re^^dated  by  a,  float 
inside  of  the  water  tank.  This  float  can  be  set  by  the  contractor  according 
to  the  consistency  of  the  batch  he  desires.  By  raising  the  float  the  flow 
<£  water  is  increased,  and  by  lowering,  decreased. 

When  the  desired  flow  of  water  is  secured,  the  float  can  be  set  and  there 
will  be  no  other  adjustments  necessary  until  the  contractor  wishes  to 
change  the  consistency  of  his  batch. 

The  construction  of  the  water  tank  is  very  simple,  consiEting  of  the  float, 
one  check  valve,  one  three  way  plug  valve,  and  one  hand  lever  by  which 
it  is  operated. 


supply  can  he  varied  according  to  requirement!  by  raising  or  iowetiae  the  BBUge  rod  pro- 
jecting through  top  of  tdtik. 

Methods  of  Discharge. — The  two  general  methods  of  re- 
moving the  concrete  mixture  from  the  drum  is 

1.  By  tilting  the  drum; 

2.  By  inserting  a  chute. 
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Figs.  I,B95  to  1.697. — LakewcxMl  sutomatic  tank.  The  water  tank  is  ftlled  by  ittacbins  a  boee 
to  the  one-inch  pipe  connection  on  the  three  way  valve  below,  anil  pullinir  the  operating 
handle  down,  when  the  tank  will  GU  to  the  tot;  and  close  automatically.  By  pushing  the 
handle  up,  the  connection  from  the  supply  hose  is  cut  off  and  the  discharge  side  of  the  valve 
13  opened,  allowing  the  water  in  the  tank  to  flow  into  the  mixer.  The  amount  discharged 
from  the  tank  into  the  miier  can  he  regulated  hy  the  loop  o(  two  inch  pipe  on  the  dischar^ 
side  of  the  tank  by  placing  this  loop  in  a  vertical  position  if  a  small  amount  of  water  be  de- 
sired, and  by  placing  the  loop  in  a  horiiontal  position  when  the  full  contents  of  the  tank 
sje  desired.  Any  amount  between  the  minimum  and  maximum  can  be  discharged,  by 
placing  the  loop  at  intermediate  positions  between  the  vertical  and  hoii^ontal. 
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Fig.  1,899.— Smitli  latingdram  hot  miser  on  asphalt  repair  wort.  In  the  hot  type  o(  miiwf 
a  steam  blower  creates  a  forced  draught  from  the  boiler  throuab  the  miiing  dram.  The 
oases  enter  the  miner  at  b  temperature  well  above  600°  Fahr,  As  the  assregfltB  i»  (prayed 
from  the  blades,  every  surface  is  dried  and  heated  by  immediate  contact  with  the  hot  fumes. 
ThR  Tsr.lA  motinn  nf  thn  njirtlelH  nrevrnu  gmtma  n,  hiimlns  at  the  material.    The  bitumen 

k  on  the  lop  of  the 


■kip. 
tmd  tb 
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Fig.  1,699  shows 
a  mixer  discharging 

by  the  first  method^ 
B%s-  1.700  and 
1,701  illustrate  the 
chute  method  o£  dis- 


Power  Trans- 
mission.— On  all 
mixers  the  engine 
furnishes  power  for 
turning  the  druna, 
and  in  many  cases, 
provision  is  made 
to  apply  the  power 
for  loading  and  dis- 
charging the  drum. 

Fig.  1,706  shows 
a  chain  drive  with 
countershaft  for 
turning  and  load- 
ing the  drum. 

lith 


mg  motion  is  rever- 
sible, permitting 
discharge  of  any 
part  of  the  batch. 
At  the  points  of 
greatest  travel,  the 
clutches  are  auto- 
matically disengag- 
ed. The  tilting  ac- 
tion is  controllM.  by 
a  revolving  screw 
and  traveling  nut. 
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Frc.    1.702.— RansMiemiiir  with  boiler  and        Fig.  1.703.— Rsnionie  n 


Pig.  1,704.— Ransom*  mixer  with  boilm 

pivot  hopper. 

NOTE.— rn>poHk>nlng  Conrrate 

I.     Rich  mfitura  tor  columns  and  oth 

quiring  exceptional  water  tightnew.     Pr 

l:i:*.    t.     M«U«m  infaiB^,  for  o 

menta,  piers,  thin  foundation  walls,  build 

heavy  Weill.     Proportions  1;  2^^;  5.    4. 

for  heavy  walla,  for  large  foundationa  sup 

iagregate  be  esretully  mded  and  tbe  pr 
of  cement  may  be  lued lor  each  clau  of  n 

iler  and     Fic.  1.705.— R»n«oi 


classes  of  wotIi  (Ta^or  and  Thompmmh 

:   IM:  3.    I.    SlanOard  mtxtun.  la    I 
linforced  engine  or  machine  fnundaliont    | 
.  other  water  tight  work.     Proportions 
■  e  foundations,  retaining  nlli.  abut- 
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The  Power  Unit. — The  conditions  under  which  a  concrete 
mixer  is  used  are  such  that  the  power  machinery  must  be  very 
dependable,  since  usually  it  receives  little  or  no  care,  being 
entrusted  sometimes  to  an  engineer  of  low  grade.  Accordingly, 
the  power  outfit  is  of  the  simplest  type  consisting  of  a  slide  valve 


Pic  I,703.^fi« 

in  drive  (or  turning  and  laading  dram  of  obain  belt  nier.  The  loading  n 
[  a  hoisting  drum  and  clutch  as  shown.    The  loader  is  charged  on  the 

.  mmrectly  i 

from  the  wheel  barrows,  being  filled  while  the  previoua  batch  is  beinj 

Ai  Boon  as  this  batch  has  been  mixed  and  d^charged  from  the  dn. 

Sader  ia  elevi 

ited  and  another  full  batch  emptied  into  the  dnim.    The  loader  bu 

raised  and  low 

erad  by  means  of  a  four  oart  hne.  The  cable  used  ia  three-eighths  im 
ds  of  19  wires  each  attached  to  a  hoisting  drum  operated  by  a  wood 

sUeU^si.  stra- 

engine and  upright  shell  boiler  designed  to  operate  at  about  80  lbs. 


Figs.  1,707  and  1,708  show  both  sides  of  the  Lakewood  mixer 
and  give  a  very  good  idea  of  the  power  equipment.  As  shown 
the  mixer  is  at  one  end  of  the  frajne  and  the  boiler  at  the  other, 
the  engine  being  between  the  two.  The  figure  also  shows  clearly 
the  transmission  between  the  engine  and  boiler  consisting  in 
this  case  of  double  reduction  spur  gearing. 
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Ftg,  1,709.— Standard  sti 


Pltfc  l.nO. — Ruwome  street  paver  equipped  with  SO  feet  distributing  boom  and  automatic 
duiDpins  bucket.  All  controUtng  levers  are  bfought  to  a  pamt  within  easy  reach  of  the 
mRa  required  tf»  operate  the  machine.  Standing  on  the  platform  at  the  right,  he  raises  the 
pivot  hopper,  empties  the  water  tank,  operates  the  diichaise  chute,  sends  the  bucket  out 
tJooff  tbebooiTi,  and  controls  the  paint  of  automatic  dumping  almost  without  effort.    From 

A  two  barrow  pivot  hopper,  across  which  eitends  a  dumping  bar  to  prevent  the  wheel 
\fArnjwa  running  back,  permits  quick  chaiving.  For  dischaning,  either  a  boom  and  auto- 
matic dumping  bucket  or  a  distiibutin((  chute  is  provided.  The  boom  is  twenty  feet  lone 
and.  has  a  swing  of  1S0°.  The  dislribuWig  chute  has  a  discharge  radius  of  fifteen  feet,  with 
intermediate  outlet  gates,  and  like  the  boom  has  a  swing  of  180°.  This  machine  will  lav 
from  1,260  to  1,500  »q,  yds.  of  concrete  road,  5  inches  thick,  in  a  ten  hour  daj 
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miier  ((lob*  typel,  and  seeti 
_  _..__„_______  „_ '•b/wt,    Tbep"  "5  a 


ipecisl.  not  nguiar  deugn,  and  may  be  reversed  to  oiiposite  end  when  conditions  neceuitats 
cbsnBJoa  location  of  motor.    Th«  it^ndsrcl  machine  is  mounted  on  trucks  and  it  provided 
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CHAPTER  34 
TRACTION  ENGINES 


Most  of  the  operations  in  connection  with  the  production  of 
crops  can  be  done  better  and  quicker  by  the  use  of  steam  than, 
any  other  power.  Plowing,  harrowing,  seeding,  harvesting, 
threshing,  grinding,  etc.,  are  all  regular  work  for  the  traction 
engine.  On  account  of  the  nature  of  the  work,  traction  engines, 
are  also  appropriately  called  the  agricultural  or  farm  engines. 

The  use  of  these  machines  has  made  possible  the  extensive  development' 
of  the  world's  agricultural  resources  that  has  taken  place  within  the  last- 
generation.  While  apparently  tending  to  displace  manual  labor,  they 
nave  in  reality  had  the  effect  of  giving  more  work  and  better  wages  to  the: 
working  man. 

The  hard  usage  to  which  the  traction  engine  is  subjected  require  that 
it  be  built  of  superior  materials,  and  be  of  substantial  design.  It  must 
not  only  propel  itself,  and  haul  its  thresher  over  the  roughest  roads  and 
fields,  over  hard  and  soft  ground,  but  it  must  haul  plows  successfully,  and 
withstand  the  strain  of  pulling  a  grader  through  most  obstinate  soils. 

Since  incompetent  men,  or  careless  hired  help  are  often  placed  in 
charge,  it  is  sometimes  subjected  to  jars,  shocks  and  misusage  which. 
other  kinds  of  machinery  do  not  encounter. 

A  traction  engine  is  a  self-propelled  machine  and  consists  of: 

1.  A  single,  or  double  cylinder  reversing  engine; 

2.  A  boiler,  usually  horizontal; 

3.  Running  gear  with  differential  device  on  rear  wheel; 

4.  Clutch  and  transmission  gears; 

5.  Engine  and  boiler  accessories  and  connections. 
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The  Engine. — This  may  be  the  simple  cylinder,  duplex, 
or  compound  type.  In  the  first  instance,  a  friction  clutch  is 
necessary,  because  the  engine  might  stop  on  a  dead  center,  «id 
would  be  difficult  to  start  by  hand  if  in  engagement  with  the 
transmission  gear. 


Fig.  1,716  is.a  sectional  view  of  a  single  cylinder  engine  showing 
clutch,  cross  head  pump,  and  heater. 


A  two  cylinder  high  pressure  engine  is  shown  in  fig.  1,717. 
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The  advantage  of  this  arrangement  is  the  nearer  uniform  application 
tx  power,  and  the  absence  of  dead  centers  owing  to  the  cranks  being  placed 
at  right  angles. 

Where  better  economy  is  desired,  a  compound  engine  is  used; 
this  type  of  engine  is  built  in  two,  and  four  cylinder  units.  The 
former  may  be  either  tandem,  or  cross  compoimd,  while  the  latter 


FuB.  1.726  to  l,727.^IntereeptiogvBlveof  theRMveiHigine.WhenleTerB.iiptidwdforwKtl 
03  ahown  in  ng.  1.737,  live  sUHm  is  admitted  to  both  cylinders,  thus  HimpUoff  the  enginE. 
In  the  position  shown  in  fig.  1.726.  the  engine  worla  compouDd,  In  the  fisurai  C,  C,  C. 
ifl  a  connecting  bar  to  lever  B.     When,  the  bar  ia  pulled  up  into  the  position  ihown  in 

irten'compoundina  Che  cevetse  lever' should  be  boDlied  up  as  elose  to  the  center  as  the  work 
you  are  doing  will  permit;  thia  will  add  further  to  the  economy  at  the  engine.  C,  C,  C. 
connecting  bar  to  lever  B;  E,  steam  pipe;  F.  throttle  valve;  I.  operating  rod  to  throlUe; 
J,  cross  Bleanj  pipe;  G.  feed  waterheatingchamber;  H.eihaust  chamber  from  high  preuiu« 


consists  of  two  tandem  compound  engines  ccmnected  to  the 
same  shaft  with  cranks  at  90".  Most  compound  engines  are 
so  arranged  that,  in  case  o£  emergency,  they  can  be  converted 
into   a   simple   double   cylinder   engine,    both   cylinders   using 
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live  steam.  This  will  give  a  large  increase  in  power  for  an 
extra 'heavy  pull  in  ascending  steep  grades,  or  passing  over  heavy- 
roads.  The  simpling  device  consists  of  an  intercepting  valve 
as  shown  in  figs.  1,725  and  1,726. 

It  is  located  at  A,  and  is  of  the  same  construction  as  the  ordinary  sK^e 
valve.  When  the  lever  B ,  is  pushed  forward  into  position,  as  shown  in 
f^.  1,726,  the  live  steam  is  admitted  into  both  cylinders,  that  is,  the  engine 
liiis  been  converted  into  two  simple' high  pressure  engines,  or  simpUd. 

The  engine  is  usually  started  with  the,  lever  in  simple  position;  after 
the  machine  attains  some  speed,  the  lever  is  pushed  back  to  compound 
position,  thereby  using  steam  most  economically. 

ic  engine  compound,  the 
uld  be  hooked  up  as  close 
the  load  will  permit,  as 
e  total  number  of  expan- 
m  which  adds  further  to 
he  engine. 

ic  RevcFse  Gears. — 
erous  forms  of  valve 
^■al  tise  for  reversing 
j;   those  mostly  used 


ST  of  engines  are  fitted 
with  shifting  eccen- 
trics,  which   in  ad- 
dition to  forming  a 
reverse  gear,  permit 
g  the  cut  ofE  by  the 
of   combined    variable 
nd   variable    angular 
•  One  construction  of 
of  reverse  is  shown 

Pro.  1,788.— RnmelydoahioeylindeTeogiae.  U*  CgS.   1,729  tO  1,731. 
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The  eccentric  {fig.  1,731)  is  provided  with  two  paraUel  guide  fianges  that 
engage  with  corresponding  flanges  on  a  fixed  disc  (fig.  1,730)  secured  to  the 
shjit  bya  set  screw.  To  the  hub  of  this  fixed  disc  is  pivoted  an  angle  arm  C, 
(fig.  1,729),  one  limb  of  which  passes  through  an  opening  in  the  fixed  diKv 


Fina.  1,729  to  I.73I.— Best  Mfg.  Co.'s  ihifting  eccentric  reverae  gesr.    The  cut  off  m 


L 
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I ihif Unfecceotnc.  It  «  m  conalructedthat  at  whatmrer  point  it  ii  pUced 
r  reverse  lever,  it  lUmdB  independent  ai  any  jimsauro  [rom  the  collar  until 
lUt  of  the  crank  (luft. 


cianlc  shaft,  "fbi  cmnk  of  thii  shaft  is  connected  directly'  to  the  valve,  on  the  olher  end  of 
the  shaft  is  fastened  apinion  which  engages  with  another  pmisn  on  the  main  shaft.  This 
Bear  ia  the  equivalentof  a  rolallng  eccentric  which  ti<uisii  hy  changin/  tht  angitlar  aJvanct, 
ial  itnct  lilt  llirmt  is  fixed  JI  aumal  bt  unJ  for  tariaiU  cul  off.  To  hmlt  the  travel  of  the 
box  in  revenintf  the  ansine,  a  stop  plate  ia  fastened  to  the  frame  of  the  engine,  and  the 
boi  ia  cither  of  its  two  extreme  positions  rests  against  the  screws  in  this  plat«,  Tlie  lever 
for  operating  the  reverse  gear  is  mounted  upon  a  quadrant  at  the  rear  of  the  boiler  and  within 
eaay  reach  of  the  engineer.  The  quadrant  ia  notched  for  forwaid  and  backward  motion 
and  neutral,  and  a  spnng  catch  IB  provided  on  the  lever  for  holding  it  in  position.  The  seat 
on  the  main  shaft  is  in  two  pieces,  and  this  allows  the  mvene  gear  to  be  eaiily  talien  lA  tha 
■haft  without  diamantlinjt  the  engine. 
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and  extends  within,  and  is  pivot- 
ally  connected  within  an  opening 
to  the  shifting  eccentric  The 
other  arm  of  this  lever  is  pivoted 
to  a  disc  collar  B,  that  is  splined 
to  move  longitudinally  on  the 
shaft.  A  strap  or  arm  F,  from 
this  disc  collar  connects  with  a 
slide  rod  G,  parallel  with  the  shaft. 

This  slide  rod  carries  aa  adjust- 
able collar  with  stud  from  which 
extends  a  connecting  rod  H,  lead- 
ing to  the  crank  arm  of  a  rock 
shaft.  The  latter  iilay  be  oper- 
ated in  any  suitable  manner. 

When  the  eccentric  is  to  be 
shifted,  the  movement  of  the  rock 
shaft  causes  the  slide  rod  to  shift 
the  disc  collar  aloi^  the  shaft, 
which  in  turn  through  tbe  angle 
arm  shifts  the  » 


NOTE.— Bow  total  the  Curtit  rotoa 

pear.— Tbs  pawls  an  first  tbrowa  out,  to 
avoid  dama£0  in  CAie  the  rods  aifi  not  cA 
pn>per  Isngth;  the  pawls  are  rstaiiHd  in 
the  DHl  position  by  BUpping  the  endj  of  tb« 
i^vl  i^iniiffS  over  the  points  of  the  pawb. 
The  DUf^une  ia  then  turned  slowly  by  hvid 
until  the  pawls  on  one  wt  of  valves  are  at 
their  highest  point  of  travel,  then,  mth  the 
valves  wide  open,  tiie  driv«  rods  an  adjiaC- 
ed  so  that  there  is  one-thirty-second  tech 


wort  MUltDt 

Jurty-seoml 

urelylocidjig 


operation  is  repeated  on  the  other  side  c/ 
the  machine,  after  which  the  sovemor  rods 
should  be  adjusted.  With  turbine  runiung 
and  synchniaiiing  spring  in  mid  positiaD. 
the  rods  are  adjusted  for  normal  speed  at 
full  load.    The  govemot  rods  on  the  other 

so  addled  that  IJie  speed  change  between 
the  fifth  and  sixth  valves  will  not  b«  out* 
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Pig.  1,74a — Case  gearad  trad  pump.  It  is  driven  by  a  gear  on 
the  crank  shaft  meshmg  wia  a  larfier  gear  that  camea  the 
crank  j)in  which  operates  the  pump,  TTiia  pump  has  suiBcient 
capaaty  10  supply  fifty  per  cent  more  waUr  than  needed  by 
thEboiferineitreme  conditions.  The  feed  water  on  its  way 
to  Che  boiler  paiaes  through  the  steel  shell  healer.    By  means 

when  not  needed  in  the  boiler.    The  feed  can  be  regulated 
mnlnng  it  iinneceMary  to  atcii  the  pump. 


,741— New  Huber  radial  ranirf  a 


.  „  M  backward. 

flafcsuaid  a^rainst  the  engine  startj 
■toi^iag,  set  the  lever  in  this  centei 
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It  will  be  understood  that  the  disc  carrying  the  shifting  eccentric  turns 
with  shaft,  the  sliding  collar  disc  bang  provided  with  a  strap  dmilar  to 
an  eccentric  strap. 

Gears  of  the  so  called  radial  class,  are  extensively  used,  the 
types  usually  employed  being  the  Marshall,  and  the  Bremme. 


Fio.  1.7 

3.— Hube 
tenmlcv 

"pump'  anJ 
eear,  which 

tSiS 

power  siK 

^■•i' 

gine.  The  boiler  is  of  the  return  tubular  type  with  nipeAuiter 
bai  w  shown  in  lie,  l.TSl.  The  wsUi  tank  a  carried  in  front, 
uily  open  the  smoke  box  for  repsira.  Water  is  fed.to  the  boiler 
injector.  The  engine  has  one  cylinder  and  ia  fitted  with  thn 
19  often  erroneously  called  the  WoolC  gear.    Dimenaions  of  3i 


In  fig.  1,739  is  shown  one  construction  of  the  former  gear.  This 
forms  a  simple  and  satisfactory  reverse  and  one  which  is  well 
adapted  for  traction  engine  service. 

The  link  motion  is  too  well  known  to  require  any  extended 
description  of  its  application  here;    a  well  designed  link  with 
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center  suspension  is  shown  in  figs.  1,744  and  1,745,  which  illus^ 
trates  also  the  location  of  the  rocker  and  double  reach  rods. 

Boilw. — The  two  classes  of  boiler  in  general  use  for  traction 
engines  are  the  direct  tubular,   or  locomotive  type,   and  the 


FlO.    1.7*6. Huber 

■tnw  bumiiia  boiler. 
The  straw  cbuls  it 
pTwided  with  a  shut- 
ter opening  inwarclly, 
Ibm,  pitvenlanB  ad- 

^^  °tnv.  In 
^perotion,  straw  ii 


S""-"' 


".f."';,, 


return  tubular,  a  modification  of  the  Scotch  boiler;  both  have 
internal  fire  boxes,  and,  as  built  by  the  various  builders,  diJTer 
only  in  minor  details.  Boilers  for  traction  engines  are  usually 
constructed  so  as  to  bum  either  straw,  wood  or  coal. 
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For  burning  straw  a  change  is  generally  necessary  in  the 
furnace  such  as  putting  an  arch  in  the  locomotive  t3^pe,  or  an 
extension  on  the  back  end  of  the  return  tubular  boiler  so  as  to 
give  the  burning  gases  a  longer  distance  to  travel  in  passing 
through  the  boiler,  and  to  provide  more  space  for  feeding  the 

straw  into  the  furnace.  It  also 
prevents  the  burning  straw  lodg- 
ing against  the  ends  of  the 
tubes. 

Fi^.    1,746  shows  the  method  of 

biiming  straw  in  locomotive  boilers. 

A  straw  chute  attached  in  place  of 

the*  fire  door,  so  that  the  straw  may 

be  fed  continuously.    A  trap  open- 

iQg  inwardly  in  the  chute  prevents 

the  admittance  of  cold  air.    As  the 

straw  falls  over  the  inner  end  of  the 

grates,  it  comes  in  contact  with  the 

flame  and  is  ignited,  and 

bums  while  falling. 

In  the  locomotive  boiler, 
it  should  be  noted  that 
the  firing  door  is  low  down, 
allowing  the  straw  to  be 
fed  into  the  fire  box  im- 
mediately above  the  grate 
surface;  also  the  fuel  and 
draft  enter  from  opposite 
ends,  thus  the  flame,  being 
guided  by  the  arch,  is  lea 
toward  the  incoming 
straw,  resulting  in  rapia 
combustion. 

An  important  re- 
quirement in  boilers 
for  traction  engines  is 

Fig.  1,751. — Huber  boiler  with  superheater.    Steam  from  the  dome  is  taken  in  a  small  pqie 
down  through  the  fire  thence  back  in  a  larger  pipe,  thus  superheating  the  steam. 
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:  provision  to  prevent  the  crown  sheet  becoming  bare  of 
water  when  descending 
steep  grades. 


One  method  of  doing  this 
is  shown  in  fig.  1,753.  By 
means  of  a  displacement 
chamber  K,  the  water  line 
does  not  reach  below  the 
crown  sheet  when  the  boiler 
is  tilted  as  shown  in  the  figure; 
the  crown  sheet  is  indined 
so  the  end  will  at  all  times 
be  covered  with  water.  The 
dotted  line  Y;  Show?  the 
.  watH"  line  as  it  would  be 
without  the  displacement 
chamber. 


«  H  inch  thick  will) 


Pig.  1.7S3.;-Geiser  lo 
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Some  boilers  are  provided  with  superheaters  to  secure  higher, 
economy  in  the  use  of  steam.  A  device  of  this  kind  is  shown  in 
fig.  1,751. 

Steam  is  taken  from  the  top  of  the  dome  in  a  small  pipe  down  through' 
the  fire  to  the  bottom  of  the  fire  flue,  thence  back  in  a  larger  pipe  ttaroueh 


Friction  Clutch. — The  purpose  of  the  friction  clutch  is  to 
engage    or    disengage    the    engine    shaft  and  the  transmission 


gearing.  It  enables  the  engineer  to  move  the  machine  very 
slowly,  or  apply  all  the  power  of  the  engine  to  the  gearing  at 
once  when  necessary  to  start  a  heavy  load,  or  get  out  of  a  bad 

itinE  is  apiiraiimately  one  per  cent  for  t»A 
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place  or  hole.  Starting  under  these  conditions  being  particularly 
difficult,   the  engine  may  be  released  from  the  transmission 

gearing  and  given  high  motion,  then  thrown  into  gear,  the 
momentiun  gained  giving  power  in  starting  largely  in  excess 
of  the  ordinary  power  of  the  engine.     Fig.  1,758  illustrates  the 

operation  and  construction  of  a  clutch. 


Fic.  1 .758. — Harrison  six  ahoo  friction  clutch,  with  two  speed  changedevii: 

belt.  Bimply  tl 
and  the  frictic 

fly  wheel.     By  doing  tb 


A  dropping  the  t 


arm,  which  has  iron  shoes  pivoted  a,t  its  ends.  These  shoes  have  'wood 
liners  or  frictions  which  engage  with  the  rim  of  the  fly  wheel  when  pressed 
outward  by  the  shoe  rods,  which  are  attached  to  a  loose  sleeve  mounted 
upon  a  hub  on  the  double  friction  arm. 
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There  are  two  half  rings  which  fit  in  a  groove  in  the  sleeve  and  to  which 
is  attached  a  fork  which  is  connected  wiUi  a  lever  mounted  on  the  rear  of 
the  boiler  for  operating  the  clutch  and  which  is  within  reach  of  the  engineer-  ■ 

The  Transmission  and  Differential  Gearing. — On  account 
of  the  great  resistance  encountered  by  a  traction  engine  in 
propelling  itself  along  the  road,  or  in  ploughing,  etc.,  it  is  nec- 
essary that  the  driving  wheels  turn  much  slower  than  the  engine 

^TE  6EAR 


vies  to  prevent  undue  atrnin  or  diocks  eoming  onwe  genring  in  starting. 

shaft.     This  reduction  in  speed  is  obtained  by  a  series  of  gears 
known  as  the  transmission,  and  shown  in  fig.  1,759. 

A  small  spur  drive  pinion  keyed  to  the  engine  shaft  engages 
with  the  intermediate  gear  which  being  of  larger  diameter,  gives 
the  first  reduction  in  motion.  The  intermediate  gear,  in 
turning,  engages  with  the  differential,  which  works  on  a  counter 
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shaft.  At  each  end  of  the  counter-shaft  is  a  bull  pinion ;  these 
are  in  mesh  with  the  bull  wheels,  thus  transmitting  the  power  to 
both  drivers. 

By  observing  the  relative  sizes  of  the  gears  it  will  be  seen  that  the 
greatest  reductions  in  speed  are  obtained  by  the  first  two  and  the  last 
two  gears.  In  some  cases  there  is  no  reduction  between  the  intermediate 
and  the  differential. 


ERENTIAL 
.  PrNlON 


The  special  object  of  the  differential  is  to  transmit  the  power 
to  both  drivers',  and  at  the  same  time  allow  them  to  turn  in- 
dependently of  each  other,  that  is,  to  allow  one  to  revolve 
fester  than  the  other  when  going  around  curves  in  the  roadway. 
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It  must  be  evident  that 
when  the  machine  is  making 
a  turn  this  is  necessary  to 
prevent  one  wheel  sliding 
since  the  path  described 
by  the  outer  wheel  is  an 
arc  of  a  circle  of  larger 
diameter  than  that  describ- 
ed by  the  inner  wheel. 

To  secure  independeat  turn- 
ing of  the  drivers,,  the  bull 
pinion  shown  at  the  left  end 
of  the  countershaft  is  keyed 
to  it,  while  the  one  at  the  other 
end  is  free  to  revolve  on  the 
shaft.  This  pinion  is  cast  to- 
gether with  a  bevel  gear  wheel 
called  the/00M  bevel,  and  which 
is  in  mesh  with  four  bevel  pin- 
ions motanted  on  the  differen- 
tia], asshowninfigs.l',761aad 
1,763. 

On  the  opposite  side  of  the 
differential  (fig.  1,769)  isa;ia:rf 
bevel  keyed  to  the  counter- 
shaft, and  which  engages  with 
tiie  four  bevel  pinions.  These 
bevels  are  of  the  same  size. 

In  operation  if  traction 
power  be  applied  to  the  differ- 
ential, to  move  the  machine 
straight  forward,  the  four  bevel 
pinions  will  remain  motionless, 
and  act  simfily  as  a  kind  of 
lock,  or  clutch,  to  secure  uni- 
form and  continuous  rotation 
of  the  drivers.  If  the  machine 
be  steered  in  a  curved  path, 
the  outer  driver  will  turn  faster 
than  theinaer,  causing  the  four 
bevei  pinions  to  rotate  on 
their  axis.  The  inner  driver, 
therefore,  by  the  operation  of 
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tcrgeurA,  11  not  keyed  U. 

tenhaft  G,  but  tuini  it  by  iom 
applied  through  tb«  thn*  bevel  pia- 
lODi  B.  and  tbgreBpactiVebBvel  Rsin 
C  tmd  D.  The  joeTnal  for  muter 
Hear  A,  is  tormea  by  the  praieetmg 
hubs  L,  of  the  bevel  gears  over  which 
it  fits  loosely.    It  turns  on  tbis  janr- 

ing  faster  than  the  otier.  The  herd 
gear  C,  Is  keyed  solid  to  the  connter- 
Bhaft,  BuIlpinionE.iislsokeyedto 
coimteishaft.  Set  collar  H,  for  takiag 
end  play  out  of  eountenhaft.  iaheU 
solid  to  the  shaft  with  two  set  screwi. 
Bevel  sear  D.  is  not  Inyed  to  coun- 
tershaft but  ia  an  easy  tutning  fit 
thenon.  It  is  made  ia  one  costirc 
with  bull  pinion  F.  It  tuma  on  the 
countershaft  onlg  when  one  driver 
is  revolving  faster  then  the  other.  At 
other  times  it  turns  mtth  it.  Coon- 
tenhaft  nut  J,  holds  bevel  bbbti  into 
mesh  with  bevel  pinions.  Bevel  pio- 
lona  B .  do  not  revolve  on  their  ipmd' 
lea  K,  when  both  drivers  are  revolvina  at  the  same  rate.  They  do.  however,  when  one  liiver 
is  turning  faeter  than  the  other.    When  one  bevel  gear  |or  dnve  »he«l)  is  revolviiK  faster 

amount  that  the  slower  revolving  be  vet  gear  (or  drive  wheell  fa.ll5  behiiid  itT  1^  one  drive 

as  fast  as  it  would  i(  both  wbeels  were  turning  together  at  the  same  rate.  Tbe  mama  Iroet- 
Ipm  tMort  is  being  ei^crtcd  at  all  times  by  both  dnve  wheels — whether  both  are  pii>pelling.  or 
both  are  slipping,  or  whether  one  is  slifiping  and  the  other  standing  still.  In  the  latter  CA4e,  thv 
force  necessary  to  turn  the  wheel  that  13  eloping  is  not  sufBcient  to  turn  the  one  Uiat  ia  ataod- 
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the  differential,  is  allowed  to  slow  up,  or  remain  stationary,  as  conditions 
require,  while  the  outer  one  is  urged  forward. 

On  some  engines  the  differential  forms  a  part  of  the  bull  wheel;  the 
construction  of  the  differential  movement  vanes  in  minor  details,  in  some 
cases  spur  gears  are  used  in  place  of  bevel  pinions. 


Pig.  1,787. — View  of  C»se  apring  mounting  tranMnission  gearins,  frame  for  fuel  bunliera,  draw 

An  important  part  of  the  transmission  is  the  cushion  device 
which  acts  on  the  same  principles  as  the. spring  draw  bar  of  a 
railway  car,  being  designed  to  protect  the  transmission  from 
too  violent  and  sudden  strains,  which  might  otherwise  occur 
when  the  engine  is  started  suddenly  on  a  hard  pull. 
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The  rins  has  a  circular  groove  and  radial  projecttons  or  stops  while  the 
disc  is  provided  with  four  projectiiw  higs  which  fit  in  the  groove  when  the 
parts  are  assembled  as  in  fig.  1,761. 

Between  tiie  lugs  and  the  stops  are  a  series  of  stiff  gmi^^  hence,  in  the 
transmission  of  power  the  thrust  of  the  ring  is  imparted  to  the  disc  and 
on  to  the  drivers  through  the  medium  of  these  springs.  The  tracticm 
force  is,  therefore,  gradwilly  appUed  instead  of  abruptly,  thus  protecting 
the  gears  from  severe  strains  and  shocks. 


Tha  cjliader  is  mounted  at  thsforwud  snd  of  the  boiler  utdtlB 

'—  --  -'  •'--  ■'■Tct  lubuUr  locomotive  type  with  round  bottoo 

ge  diameter  are  furnished.    The  engine  it  fitted 

clutch,  croia  head  pump,  and  heater.       Then 


3f  the  direct  Uibular 

whetlt  of  unusually  large  diameter 


Steering  gears. — The  traction  engine  is  guided  by  the  front 
wheels  which  work  on  a  pivoted  axle  the  same  as  an  ordinary 
vehide.  This  axle  is  connected  with  a  transverse  shaft  by  two 
chains  which  are  wound  around  the  shaft  right  and  left  handed, 
and  securely  fastened.  Hence,  rotation  of  the  shaft  winds 
one  chain  and  unwinds  the  other,  thus  turning  the  front  axle. 
At  the  end  of  the  shaft  is  a  pinion  which  engages  with  a  worm 
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gear  on  the  end  of  the  steerii^  rod.    There  are  several  methods 
of  operating  the  steering  gear,  as  by: 

,1^  Hand; 

2.  Friction  frcsn  main  ei^jne; 

3.  .Independent  steam  power. 

Hand  opepation  is  quite  common  on  medimn,  and  small  size 
machines,  but  when  drawing  a  heavy  load  over  rough  roads  it 


Fics.  ],7AG,— Geufir  atwnnff  e«ftT-  Two  chAiiu  from  the  front  ulIb  are  wound,  in  opposite 
directions,  on  a  tronevene  iteerirur  shaft.  Thu  ia  operated  thiDush  the  worm  ge«Jinfi  at 
the  tod  by  means  of  the  ateenng  wheel  located  at  the  end  of  the  boiler. 

requires  considerable  exertion,  especially  with  large  engines. 

Fig.  1,769  shows  the  usual  arrangement  for  hand  steerii^.  The  trans- 
verse shaft  is  located  under  the  b^er  shell  at  the  forward  end  of  the  fire 
■box.  Attached  to  the  end  of  the  steering  rod  ia  a  hand  wheel  conveniently 
located  for  the  engineer. 
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The  second  method  of  steering  is  illustrated  in  fig.  1,770,  power 
being  furnished  by  the  engine. 

A  vertical  shaft  is  a  horizontal  mitre  gear  arranged  to  engage  alter- 
nately with  two  vertical  bevel  gears.  These  vertical  gears  are  on  a  shaft 
by  a  chain  of  small  gearing  from  the  engine  shaft.  Th^  are  thrown  ia 
and  out  of  gear  by  means  of  a  shifting  yoke,  which  is  worked  by  a 
straight  rod  extending   back  to  the  right  hand  side  of  the  engineer  and 


ring  sear.    A  vcrticHt  thaSt  leida  frrmi  the  worm  sear  to  ■ 
tiat  toa  horinmtal  bevel  at  iti  end  may  enga^  aHttaaUly 

atWr  by  »  chain  ot  m«     * 

ut  of  gear  by  a  ih&tii 

tB  depend!  on  which  bev^b  thrown  : 


The  vertical  gean  an  thiown  in  and  out  of  Bear  by  a  ihifting  yiAe  with 

Dn,  lor  opentioii  by  tb*  eiuineer.     The  direction  in  which  the  liont  «■!« 


ir  backward,  the  engine 

An  independent  steam  steering  gear  is  shown  in  fig.  1,771, 
this  is  a  desirable  method  for  large  engines. 
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It  consists  of  a  double  cylinder  engine  geared  to  the  transverse  steering 
shaft.  The  valve  gear  is  of  the  single  eccentric  type;  there  is  a  bell  crank 
connection  to  a  collar  and  sleeve  on  the  shaft  running  to  the  steering 
wheel  in  the  cab. 

The  engineer,  in  steering,  turns  the  wheel  to  the  right  or  left  according 
to  the  direction  he  wishes  to  go.  The  action  of  the  valve  gear  is  such  that 
the  steering  engine  operates  while  the  wheel  is  turning  and  stcnn  when  the 
motiim  of  the  wheel  ceases,  the  steering  gear  remaining  in  fiat  podtioa 
until  a  change  is  desired. 


Fig.  I,TTI. — Avery  independent  tteun  iteerins  gear.  Tbe  (tcBriu  ule  ii  coiukBCt«d  br  ■par 
Kcsn  to  *  two  cylinder  engine  luvina  cnuiln  at  BO  Ot^mt.  Ine  wtian  of  the  valve  seir 
jt  n^  that  the  engine  tumi  the  ■teeiing  ■ppuatiB  to  the  poaition  comepondins  to  that 
of  the  fteering  wheel,  end  Fstnios  it  then  nntil  the  pontion  of  tbe  latter  i>  at*ia  cbangnd. 

Feed  Pumps  and  Heaters. — The  most  usuaj,  and  in  fact 
the  beet  method  of  supplying  the  boiler  with  water  is  by  a  ptimp 
driven  direct  from  the  cross  head  of  the  engine,  as  shown  in 
fig.  1,772.  This  type  of  ptrnip  is  single  acting,  and  with  the  plmiger 
properly  proportioned  for  the  work,  the  operation  is  ideal. 
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On  the  discharge  pipe  is  a  by  pass  valve  leading  to  the  tank,  so  that 
the  quantity  of  water  being  fed  to  the  boiler  can  be  regulated,  or  all  re- 
turned to  tJie  tank  as  required.  Hence,  water  may  be  fed  continuously 
to  the  boiler,  and  in  the  same  amount  as  used. 


A  cross  head  pump  will  operate  on  from  one-half  to  one-third  the  amount 
of  steam  required  by  a  small  direct  acting  steam  pump;*  while  it  has  the 
advantage  of  economy,  it  can  operate  onfy  while  the  engine  is  running. 

An  independent  fly  wheel  pump  is  sometimes  used  for  feedii^ 
the  boiler,  as  it  works  with  practically  the  same  economy  as  a 
cross  head  pump,  and  has  the  desirable  feature  of  being  ahle 
to  operate  when  the  engine  is  not  running. 


mntoni  oE  thii  tyiH  of  pump  mre  that  it  ma^ 
rlrtd  by  the  eoeiafl  ij  ecooomK^i  in  opcrstioo. 


Figs.  957  and  958  show  a  well  designed  pump  for  this  purpose.  It  is 
arranged  to  be  operated  either  by  hand  or  steam,  and  since  the  speed 
may  be  varied,  the  water  supply  may  be  regulated  without  a  by  pass. 


*NOTE. — A  w^  ddianed  huisIa  crliodor  tr^tion  tuisine  mil  consniiiB  tmrn  SO  tQ  60 
of  steam  per  hour  per  horse  power,  while  «  imall  direct  actinj[  boiler  feed  pmup  wH]  reqniic 
a  120  to  200  Iba.  on  acGount  of  irorldng  vitbont  expannon,  alow  ipeed,  iMlnce,  ilip  Ksd 
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Most  traction  engines  are  provided,  as  they  should  be,  with 
two  means  of  feeding  the  boiler  so  that  if  one  break  down,  th& 
other  is  available.  The  boiler  should  be  fed  regularly.  The 
reason  for  using  a  pump  in  preference  to  an  injector  is  because 
considerable  fuel  is  saved  by  heating  the  feed  water  with  the 
exhaust  steam.* 


Fio.  1.7T3  and  1.774. — Northwest  fly  wheel  boiler  feed  pump.  This  method  of  feeding  the  boiler 
is  pncticHUv  u  economical  as  the  cmss  head  pump,  and  has  the  advantages  of  dinct  instead 
of  by  pasa  regulatioa.  Blower  speed  and  of  indepimdeot  wotldne,  pennittme  the  boiler  to  b» 
fed  when  (he  main  engiae  is  not  running. 


proportioned  heater  will  raise  the  temperature  of  the  feed  water  within 
temperature  of  the  eihaust.  Thus,  it  the  water  enter  the  heater  at,  say, 
210'',  theuvincii  ^19  — 60)+ll-13.epercent. 


esigoed  and  pmpetl/ 
a  few  d«rees  ol  the 
eo,  and  be  heated  to 
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The  discharge  from  the  pump  is  piped  to  a  heater  usually 
located  on  the  side  of  the  boiler  shell,  from  which  it  is  delivered 
to  the  boiler.  One  type  of  heater  for  traction  engines  is  shomi 
infig.  i.775. 


TT  is  approumately.  one  per  cent  £or  each  ]  1  dcflifi 


full  length,  and  which  forms  an  annular  space,  about  tme-dg^th  inch  thick, 
through  which  the  feed  water  passes;  with  thia  arrangement,  considerabla 
heat  is  absorbed  from  the  exhaust  steam  which  enters  the  shell  at  one  end, 
flows  around  the  tubes,  and  passes  out  at  the  oUier.  I 
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t  lower  part  of  the  shell  so  that  it  may  be 

How  to  Operate  a  Traction  Engine^— It  is, usually  best 
to  cany  the  water  a  little  higher  while  on  the;roiid  th^  when 
the  engine  is  at  work,  especially  in  hilly  country.     There  is 


?sa.  1.777. — Huber  eihauat  relief.  Its  purpose  is  to  give  a  aharp  exhaiuttoincreaHthedrau^t 
wken  bnming  poor  fuel,  or  wboo  it  is  desirable  to  raise  alesm  qoickly.  The  main  nmrie  is 
closed  nearly  to  a  point  to  make  the  exhaust  shani-  °y  openins  a  globe  -ralve,  a  part  of 
the  eibaust  passes  tbrou(di  the  relief  chamber.  In  this  nsy  ths  operstor  has  control  of 
ths  diBu^t  and  can  prevent  the  throwinc  of  sparks. 


more  or  less  fluctuation  of  the  water  on  an  uneven  roadway, 
and  unless  the  boiler  contains  some  special  provision  for  main- 
taining the  water  level  (as,  for  instance,  some  device  such  as 


ised  on  the  Huber  engine.    It  is  placed  horizontalls'  on 

shown  in  fig.  1.753),  the  tube  ends  or  crown  sheet  may  become 
bare  when  on  a  hill.  ..Care,  however,  should  be  taken  not  to 
carry  the  water  high'  enough  to  cause  priming. 
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The  steam  pressure  should  be  maintained  near  the  blow  off  point.  The 
valve  gear,  i£  of  the  expansion  type,  should  be  well  hooked  up,  so  that 
Gteam  may  be  used  with  as  much  eitpansion  as  the  running  conditionB 
pennit,  to  secure  the  economy  resultii^  from  a  short  cut  off. 

Before  descending  a  hill  it  is  well  to  put  fresh  coal  on  the  fire, 
and  close  the  damper. 


PlO.  1.781.— Rear  tow  of  Advance-Rumely  rear  mounted  engine  bed. 

Since  very  little  steam  will  be  required  this  will  prevent  a.  loss  of  water 
by  blowing  off,  and  in  case  the  crown  sheet  become  exposed  by  the  re- 
ceding water  it  will  be  somewhat  protected  from  the  intense  heat  of  the 
lower  layers  of  the  lire. 
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■  ■  W&en  descending  the  hill  the  speed  of  the  ei^ine  should  not  be  allowed 
to  increase  much  above  its  ordinary  speed.  H  t^  engine  run  too  fast  on 
a  reduced  throttle,  the  latter  should  be  furUier  reduced  and  the  bralce 
applied  if  necessary.  In  case  the  engine  be  not  provided  with  a  brake,  it  will 
be  necessary  to  shut  off  steam,  and  reverse;  this  converts  the  engine  into 
a  pump,  and  the  air,  or  rather  smoke  and  cinders  in  the  stack  are  carried 
through  the  heater  and  cylinder,  being  compressed  therein,  and  forced 
into  the  steam  chest.  While  acting  as  a  resistance  to  check  the  speed,  it 
is  very  bad  for  the  cylinder  and  valve,  and  shoidd  never  be  done  if  it  can 
be  avoided. 

As  soon  as  the  bottom  of  the  hill  is  reached,  the  damper  should  be 
opened  and  the  lire  allowed  to  br%hten. 


L 


Fig.  1,TS2. — Port  Huron  ■parkarmtsr.  u  used  on  itm  bumioe  ontfiti,    Tbs  bottom  ilegrt 


When  approaching  a  hill,  a  good  supply  b£  water  should  be 
fed  to  the  boiler,  because  in  maicing  the  ascent  it  may  be  nec- 
essary to  shut  off  the  feed  to  maintain  the  steam  pressure,  if 
the  hill  be  very  steep. 

Under  ordinary  running  conditions,  the  feed  should  be  continuous  and 
at  the  rate  in  which  it  is  used,  rather  than  in  spasmodic  doses. 

It  requires  skill  to  successfully  take  a  very  steep  hill.  In  beginning  the 
ascent,  the  steam  pressure  should  be  near  the  blowing  off  point,  the  engine 
well  booked  up,  and  running  slowly  in  order  not  to  use  the  steam  too 


TRACTION  ENGINES 


I  l«  I 


III 


It   '^  I  1 

K  l!  ^  9 

11  |l  I  I 
I.  -i  I  « 

II  fll      « 


l||llls  |» 

i$-ltt',  is 
2i  llllift 

si     as  s   i 


912  TRACTION  ENGINES 

In  steering  an  engine,  the  engineer  should  keep  his  eye  on 
the  front  wheels  and  note  their  position.  As  usually  constructed, 
the  machine  will  turn  in  the  same  direction  in  which  the  top 
of  the  steering  wheel  is  turned." 

"Hie  steering  whed  may  be  turned  more  easily  when  the  engine  is  in 
niotion  than  when  standing  still.  The  steering  chains  should  be  moderately 
tight,  though  not  t^ht  enough  to  cause  tmdue  friction.  If  too  slack,  it 
^  be  somewhat  difficult  to  guide  the  engine. 


«  adjiutine  device.     By  tar  the  greater  part  of 

nudiHtely  behind  it,  bdorc  the  atrav  Teachei  the 

t  disAonal  ribs,  so  arr&T^cd  that  in  conjunction  with  the  teeth, 

,        _.  . jcomplished.     Much  graia  ia  hurled  by  the  motion  of  the  cyUoder 

throuf^  the  BraCva  and  the  inclined  slattered  carrier  behind  them.    The  atiaw  ia  conveyed 
up  tlua  carrier,  being  agitated  meanwhile  by  a  large  winged  beater  which  revolves  du«ctl]l 

nbove  it.    The  concavei  can  be  adjmted  to  any  condition  of  gmin,    Tbia  i*  dor-  ' "~ 

outsde  ot  the  machine  by  meuu  of  a  worm  gear  device  Hen  at  the  right  of  the  ct 


it  done  from  tfac 


Mud  holes  should  be  carefully  avoided  as  the  wheels  will  have 
a  tendency  to  slip. 

If  the  wheels  turn  without  propelling  the  engine,  the  calks  on  the  wheds 
will  dig  holes,  maldng  it  more  difficult  to  get  out.  The  engineer,  then,  should 
stop  the  engine  when  the  wheels  begin  to  sUp,  pnd  put  something  tmder 
the  wheds,  such  as  straw,  rails  bru^,  or  any  kmd  of  rubbish,  that  wSl 
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enable  the  wheels  to  get  a  grip  upon  the  earth.  Sometimes  a  log  chain  is 
fastened  to  some  object  ahead  of  the  engine  and  one  end  thrown  tiiider 
the  wheel. 

In  extracting  the  engine  from  a  hole,  it  should  be  run  slowly  as  it  isl  less 
liable  to  lose  its  footing. 


Before  crossing  a  bridge,  the  engineer  shotdd  examine  it, 
to  see  if  it  be  strong  enough  to  carry  the  weight  of  the  engine 
and  load.    An  engine  may  be  nin  across  a  weak  bridge  safely  by 


fttm.  mn 


Figs.  1,785— Ploughing  continuous  ftirrows  from  center  of  land.     There  are  several  wava  of 

laying  out  and  plowing  land  with  tractors.      It  must  be  remembered  that  plows  will  not 

always  cut  the  same  width  in  tough  land  as  in  easier  plowedland,  and  therefore  it  requires  some 

escperience  and  judgment  on  the  part  of  the  operator  in  order  to  lay  out  and  plow  a  field  and 

do  a  clean  job.    Local  conditions  must  always  govern  the  manner  of  laying  off  "lands. "  and 

they  can  be  narrow  or  wide  to  give  more  dead  furrows  for  drainage  in  wet  localities  and  fewer 

dead  furrows  in  dry  countries  where  it  is  desirable  to  conserve  all  rainfall  in  the  soil.    The 

Illustration  above  shows  two  wavs  of  proceeding  to  lay  out  the  plow .  One  method  quite  often 

used  in  plowing  rectangiilar  fields  is  by  means  of  a  continuous  furrow.     Down  through  the 

center  ac  the  field,  stakes  are  set  10  or  1 6  steps  closer  to  the  ends  than  the  sides,  to  allowf  or  the 

narrowing  of  the  furrow  in  turning  the  ends.     Plows  are  started  at  the  left  end  ana  pulled  to 

,  the  right,  in  the  direction  of  the  arrows.    When  the  opposite  stake  is  reached  the  plows  are 

!  lifted  and  l^e  tractor  turned  around  as  indicated  by  dotted  lines,  and  swung  in  on  a  curve  so 

'  as  to  round  up  the  ends.    It  is  necessary  at  the  outset  to  make  this  loop  at  the  ends  on 

.  account  of  the  short  turn  on  the  return  furrow.    When  the  land  is  wide  enough  the  plows 

I  are  left  in  the  ground  for  a  continuous  furrow  around  the  entire  land.    When  the  field  is 

;  finished  nothing  will  remain  except  small  comers  which  can  then  be  finished.    Prom  the 

standpoint  of  saving  time  this  is  the  most  approved  method,  because  the  plows  are  working 

continuously.    Curve  plowing,  however,  due  to  an  tmeven  distribution  of  the  load,  is  hard 

on  the  tractor  gears. 


placing  thick  planks  lengthwise  of  the  road  so  the  weight  will 
be  distributed  over  a  larger  surface. 

In  starting  an  engine  onUhe  road,  it  should  be  first  brought 
to  speed,  and  then  the  friction  clutch  thrown  in  gradually  until 
the  gearing  is  in  motion,  when  the  friction  may  be  set  tight. 
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' '  '  Tri  reversing  while  in  motion  the  throttle  is  first  closed,  the 
reverse  lever  thrown  over,  and  the  throttle  gradually  opened 
a^Q.  It  is  done  in  this  way  so  as  not  to  reverse  too  quickly 
which  would  bring  severe  strains  on  the  transmission. 

An  important  maneuver    in    handling  a  traction  engine  is 
"setting   the   engine." 


Pig.  1.TS7. — Cue  tractar  at  work.  Tbe  engmEisoC  the  two  cyliader  oppoied  type.  liieS  XS 
nugneto  i^ition;  i<mt  feed  lubrioation;  thenno  sipbon  ciiculation.  The  radiator  fan  hai  a 
iiictiDn  dnve  with  the  engms  &y  wheel.    Two  epCed  tnasmiarion. 

Nearly  all  threshing  outfits  are  ananged  so  that  the  engine 
pulls  the  water  wagon,  fuel  tender,  and  separator  while  on  the 
road.  The  separator  is  pulled  in  to  the  stacks,  the  engine 
uncoupled,  and  then  turned  and  placed  in  position.  The  latter 
operation  is  usually  done  by  running  ahead  to  the  right  or  left, 
until  at  right  angles  with  the  separator.  The  engine  is  then 
reversed  and  backed  in  the  other  direction  until  about  the 
required  position.  It  should  be  backed  a  little  farther  than 
required  if  not  backed  into  exact  line,  and  then  brought  up  in 
line  with  the  separator  pulley. 
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When  the  wind  does  not  blow  from  either  side,  the  engine 
should  be  in  exact  line  with  the  separator;  it  may  be  determined 
if  the  separator  be  in  line  by  sighting  with  the  eye,  as  shown 
in  fig.  1,792.  The  engine  should  be  manoeuvred,  tmtil  the 
points  L,  R,  A,  F,  are  in  line,  L,  representing  the  point  of  sight. 

If  there  be  a  strong  side  wind,  it  is  well  to  set  the  engine 
a  little  to  one  side  toward  the  wind  with  the  fly  wheel  turned 
slightly  away.     The  wind  will  tend  to  carry  the  belt  with  it, 


SEPARATOR 


-"^M-- 


L    R 


A    F 


ENGINE 


Figs.  1,702  and  1,793. — Setting  the  engine.  In  fig.  1,702,  the  separator  and  engine  are  placed  in 
line  by  manoeuvring  until  points  L,  R,  A,  F.  of  the  pulleys  are  in  line,  as  sighted  by  eye  at  M. 
In  fig.  1,793,  when  there  is  a  strong  side  wind,  the  engine  is  set  a  little  to  ^nnd ward  with  its 
fly  ^eel  turned  slightly  away  from  the  wind,  to  allow  for  the  action  of  the  latter  on  the  belt. 


and  the  engine  should  be  placed  so  the  belt  will  run  straight 
with  the  fly  wheel  and  separator  pulley  as  in  fig.  1,793. 

The  fly  wheel  on  nearly  all  traction  engines  turns  ahead  while 
threshing,  and  backwards  while  travelling  on  the  road.  If  the 
friction  clutch  be  thrown  in  slightly  while  threshing,  the  belt 
may  be  tightened  at  any  time.  A  good  sized  block,  or  a  jack 
screw  should  be  carried  to  block  the  drive  wheels  when  threshing. 
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CHAPTER  35 
ROAD  ROLLERS 


In  the  construction  and  repair  of  roadways,  a  modified  form 
of  traction  engine  is  used  for  the  various  operations,  such  as: 
plowing  up  old  roads;  **spiking"  or  loosening  the  surface  of 
worn  out  macadam  roads;  rolling  or  compressing  the  road  to 
make  it  hard;  consolidating  earth  fills  and  embankments,  etc. 
There  are  two  classes  of  road  roller,  adapted  to  special  conditions 
in  road  construction: 

1.  The  tandem,  or  two  wheel  roller; 

2.  The  three  wheel  roller. 

The  Tandem  Roller. — This  type  of  roller  was  first  designed 
for  use  in  rolling  newly  laid  asphalt,  or  brick  pavement.  In 
addition  to  this  service  the  tandem  roller  is  used  to  advantage 
in  finishing  or  "puddling''  a  macadam  road,  where  it  is  employed 
as  an  auxiliary  to  the  three  wheel  roller;  also  in  building  roiads 
and  driveways  for  light  traffic,  in  rolling  lawns,  or  golf  coiu-ses. 
The  center  of  gravity  being  low  it  may  be  operated  on  very 
rough  ground  without  danger  of  upsetting. 

For  rolling  asphalt,  the  rolls  are  turned  in  a  lathe  and  set 
true  in  the  bearings,  thus,  the  pavement  may  be  rolled  without 
waves  or  depressions.  The  rapid  movement  of  the  rollers 
adopts  itself  well  to  this  class  of  work.  This  feature  is  of  ad- 
advantage  in  finishing  a  macadam  road  where  the  tandem 
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roller  can  follow  directly  behind  the  sprinkler  and  get  the 
advantage  of  the  entire  amount  of  water.  Fig.  1,794  shows  a 
typical  tandem  roller. 

The  main  frame  is  constructed  of  steel  dmnnels,  curved  at  the  front  end 
to  form  a  "goose  neck"  for  the  kii^  pin  bearing  of  the  forward  roSer.  The 
horizontal  part  of  the  frame  lies  quite  Ion  being  under  hung  frmn  the 
axle  of  the  rear  roller. 


Pig.  1,794. — The  Brie  tandem  mad  roller.    It  ii  fitted  with  a  two  cylinder  higli  pmnm  en^iB 
■rith  bevel  gear  tfansmiaaion  power  ataerinff  device,  and  sLeeve  revene-    RoUen  of  thia  type 


The  boiler  is  of  the  ordinary  vertical  shell  type,  the  usual  working  p 
'  f6r  this  service  being  150  lbs.  There  are,  as  a  rule,  two  injectors  for  boiler 
feed,  and  in  some  cases  an  injector,  and  cross  head  ptunp;  the  latter  om- 
bination  is  preferable,  if  a  feed  water  heater  be  provided. 

The  engine  consists  of  two  high  pressure  slide  valve  cylinders  with  crankl 
at  90  degrees  to  avoid  dead  centers.  The  reverse  is  made  by  a  si^nl  slotted 
sleeve,  cast  solid  with  the  eccentrics  and  free  to  revolve  on  the  ctank  sbait. 
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The  ioddlt  over  the  front  roller  is  made  of  extra  heavy  flanged  Eteel,  and 
swivels  at  the  center  of  a  steel  universal  joint,  in  which  the  vertical  pivot 
or  long  pin  (corresponding  to  the  king  holt  in  a  carriage)  allows  the  arie 
to  turn,  lor  the  purpose  of  guiding  the  machine,  and  also  permits  the  front 
axle  to  assume  any  angle  with  the  rear  axle.  This  allows  the  roILer  to  adapt 
itself  to  uneven  surfaces  without  twist  or  strain  on  the  frame,  or  possibility 
of  injuries  to  the  engine. 

The  king  pin  is  a  steel  forging  of  lar^  diameter;  its  bearings  or  journal 
box  is  made  in  two  parts  to  permit  adjustment. 

rft«  transmission,  as  shown,  consists  of  a  bevded  pinion  at  the  end  <rf  the 
crank  shaft  which  engages  with  beveled  teeth  on  the  side  of  the  rear  roller. 


On  account  of  the  conditions  of  operation  a  considerable  speed  reduction  is 
here  made  between  the  crank  sh^t  and  rear  roller.  Both  pimon  and  gear 
have  two  step  teeth  arranged  for  alternate  contact  between  the  two  sets 
to  give  smooth  working. 


NOTE.-^Iroquoia  5-ton  tandem.  BtandHid  nOer.  Genaral  dlnuntlonmi  Length  arer 
all,  13  ft.  3H  in,  widtli  over  all  4ft. jheiglit  over  allStt,  Sin.;  heiaht  with  smoke  stack  remOTcd: 
Sft.  8in.;  center  to  center  of  rollj;  8  ft.  4  m,;  diameter  o£  diivinE  roll;  *  [t.;  ta«ot  driving 
tolli  aft.;  diameter  of  steering  roll;  2  ft.  6  in.;  faceof  steeringroU;  3  ft.  IHia.;  diameter  ot 
bontaile:  2Hin.;  diameter  of  rear  ule:  3H  b.:  diameter  of  engine  shaft;  2%'"-:  sizeof 
crank  pin:  ain.  x  2W  >n.;  iiieof  wriat  pin  incroaahead:  1  in.  X  4'^  in.;  diameter  of  eteam 
pipe;  l^in.;  diamelerof  eihsuBtpipe;  IH  in.;  diameterof  boilerEhell:  2(t.4in.;  hraghtof 
toiler:  4ft.9in.;  number  of  tubes;  84;  aiieoftubes:  l)^in.;  length  of  tubes;  2ft.l0^in.; 

S.  ft.  heating  Eurtace;  101,311;  sq.fi.  grateatea;  3.14;  ratioofheatiiiB  surface  to  grate  area: 
.21ol;  irorking  steam  niesaure;  1251bs.;  sizeof  engine  (two);  Bin.  X  Sin,;  normalspeed 
ot  engine:  124R.P.M.;  ratio  of  gearing;  6.88  to  1;  coal  capacity:  228  lbs.:  tank  capacity: 
116  gals.;  compreftsionper  inch  of  width,  itarroUa;  212;  rompreaaion  per  inch  of  width, front 
rolls:  02;  averaae  spe^  in  miles  per  hour:  3;  weights:  actual  manufactured  weight;  9,3(H> 
Ibi.;      weisht  with  cml  and.  water:      11,020  Iba. 
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The  sleering  gear  consists  of  a  steel  segment  forming  a,  worm  gear  key«d 
to  the  Idi^  pin,  the  wonn  shaft  being  fitted  with  two  hand  wheels.  A 
friction  poner  steering  device  is  provided  on  the  larger  size  rollers  as  shown. 
A  Sfsoclcet  on  the  worm  shaft  is  connected  by  chain  drive  to  a  pinion  which 
meshes  with  two  bevel  wheels  on  the  engine  shaft.  These  bevels  turn  looselv 
on  the  shaft,  but  either  may  be  thrown  into  frictional  engagement  wiui 
the  shaft  by  the  lever  and  friction  clutch,  the  direction  of  steering  depending 
on  which  bevel  is  in  operation. 

The  water  supply  is  carried  in  a  metal  tank  mounted  on  the  rear  end 
of  the  main  frame,  and  arching  slightly  on  the  inner  side  to  conform  to  the 
arc  of  the  roller.  The  capacity  of  tanks  on  tandem  rollers  is  usually 
sufficient  for  five  or  six  hours'  continuous  operation. 


to  1,805. — Some  importgnt  pBrtt  of  »  tandeit 
»d;  7,  gib;  S,  croaa  hcul  badt. 


CROSS  1EAD 

worm  (orstcstiiuE  fsfmr;  3, 
»  titere  Tod;  G,  King  pin; 


A  coal  bunker  is  placed  above  the  water  tank,  extending  forward  to 
the  boiler.  On  some  rollers  there  is  a  bunker  below  the  foot  plate.  The 
size  of  bunker  is  usually  large  enough  to  carry  a  ten  hours'  supply  of  fueL 

The  Three  Wheel  Roller. — This  class  of  roller  is  adapted 
to  building  macadam,  telford,  gravel,  shale,  or  dirt  roads;  it 
is  useful  in  pulling  a  plow,  spiking,  and  for  driving  a  stone  crusher 
or  as  a  road  loasmotive  in  hauling  a  train  of  wagons.  Fig.  1,796 
illustrates  the  three  wheel  roller  which  is  composed  of  three 
principal  members :  engine,  boiler,  and  rollers.    The  constructicm 
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of  these  machines  is  practically  the  same  as  the  traction  engine 
with  the  ext^tion  that  the  wheels  are  replaced  by  rollers. 

The  front  Toller  is  in  two  or  more  sections  on  a  single  axle 
and  is  pivoted  in  the  same  manner  as  on  the  tandem  roller  for 
steering.  The  several  sections  enable  the  roller  to  turn  without 
twisting  or  rooting  the  road  material.  Approximately  two- 
thirds  of  the  weight  of  the  machine  rests  on  the  driving  or  rear 
rollers,  which  are  therefore  the  chief  agent  for  compressing  the 


Flc  l.SOe.— Detail  of  Case  roller  showing  traiumission  Bearing.  Power  'a  applied  to  both 
drivers  through  the  Urge  periphery  o(  the  ball  geara  diiect  to  the  rima;  the  pull  boina  applied 
thiDUflh  the  tangential  biirg  which  connect  the  luge  gear  to  the  rim  as  shown. 

road  material.  These  wheels  are  of  large  diameter  so  that 
obstructions  may  be  easily  surmounted  without  jar,  and  that 
the  fresh  material  will  not  be  crowded  in  front  of  them.  When 
the  machine  is  travelling  in  a  straight  direction  the  driving  roller 
overlap  the  track  of  the  steering  rollers  by  about  six  inches. 
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The  driving  rollers 
may  be  fitted  with 
a  set  of  spikes  as 
shown  in  fig,  1,807,  for 
loosening  the  surface 
of  the  old  roads;  a 
set  of  plugs  is  pro- 
vided for  fiUing  the 
holes  when  the  spikes 
are  not  in  use. 


Pro.  1,807. — Stmi  niDer,  with  apike*  iniBrt«d  for  "ipikioa"  or  loowninB  the  anrfuce  c 
macadam  loada.  The  tpitsa  an  eauly  nmoved.  and  wbea  not  in  um  pliwa  ■ 
to  fiU  the  li!>la  in  the  tin. 


Pic.  1.806. — RiuhU  ccnnpound  ateem  road  locomotive  with  special  tankt,  ensineer'a  ca 
canopy.  Curtains  can  be  attached  to  drop  over  lides  and  enclose  the  engine.  Cable 
attached.  Detoili  of  SO  raltd  hone  powar  eliai  Working  presnire,  ISO  lbs.;  i 
120:  cylinders,  8  and  14X12;  r  fi.m.,  300;  speed  on  read,  2  to  i  Bi.p.*.;  fly  wheel.  4: 
Bollar:  Diam.,  34;  tubes  4fi-2HXT2;  Are  box.  30Xfi2:  grate  area.  ID.gsq.fC;  heatii 
face.  2S0  sq.ft.    TanHai  Water,  eOOEals.;  fuel,  100 gab.  (oil);  2,0001ba.  coaf. 
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GompreMiTe  Power  of 
II  Road  Rollers.  — By  this  is 
understood  the  compressive 
power  of  the  driving  roller 
which  sustains  the  greater  por- 
tion of  the  weight.  The  total 
weight  of  this  roller  and  its 
load  is  the  maximum  pressure 
exerted  downward  by  the  ma- 
chine, and  this  weight,  divided 
by  the  width  of  the  tire,  gpves 
the  pressure  per  linear  inth  cj 
the  tire,  which  is  the  effective 
compression  of  the  surface. 
For  instance  a  five  ton  roller 
with  a  39  inch  tire  will  give  as 
much  compression  as  a  seven 
ton  roller  with  a  56  inch  tire. 
Comparison  therefore,  should 
be  based  on  the  compression 
obtained  and  not  on  the  nom- 
inal weight  of  the  machine. 
The  compression  may  be 
varied  by  providing  driving 
rollers  of  different  widths. 
The  compression  per  linear 
inch  of  tire,  as  given  for  one 
make  of  tandem  roller  is : 


100  lbs. 
140  lbs. 
210  lbs. 
205  lbs. 
27S  lbs. 
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Sizes  of  Road  Rollers. — The  usual  sizes  of  tandem  rollers 
are  2}-^,  3,  5,  8,  and  10  tons,  and  of  the  three  wheel  rollers, 
8,  10,  12,  and  15  tons.  This  range  of  sizes  has  been  found  to 
meet  the  varied  requirements  of  road  construction. 


Pig.  1,813.— Kclly-Springfield  st«am  st«ri[^[  gear.     Tb^lno- cylinder  engine  drivei  the  steer- 

tlie  dnuu.     By  ^engaging  tiie  Email  levers  controlling  the  valves  of  the  engine,  and  pl&cine 
-'- -t ^^ ' ■■- •-- --e  steered  by  hand.     The  Bleanuleering 


Proportions  of  Road  Rollers. — The  following  dimensions 
will  serve  to  illustrate  the  general  practice  in  the  design  of 
machinery  of  this  class: 

1 
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Clue  10  ton  three  aleel  roller. 

General:  Rolltag  nith  81' ins.;  wheel  base,  113  ins.;  l&ngth,  IS  ft.; 
hnght,  10  ft.;  eround  clearance,  18  ios. ;  speed,  2^  miles  per  hour 
at  normal  speed  of  ei^ne. 

Engine:  %%  and  9  by  10  ins.  compound;  36  brake  horse  power; 
Haclcworth  radial  valve  gear;  fly  wheel  3S  diameter,  QJ^  face; 
revolution,  250  per  minute. 

BoiUr:  Locomotive  type;  diameter,  26  ins.;  grate  area,  6.14  sq. 
ft.;   heating  surface,  130.2  sq.  ft.;   pressure,  130  lbs. 

Erie  5   ton   tandem 
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CHAPTER  36 
FIRE  ENGINES 


The  steam  fire  engine  is  practically  a  portable  pumping  plant 
as  shown  in  fig.  1,816;  it  is  in  all  respects  a  complete  water  works 
on  wheels.  The  boiler,  which  is  generally  of  the  upright  semi- 
water  tube  type,  is  combined  with  the  engine  by  means  of  a 
strong  iron  frame,  which  carries  all  the  appliances  as  well  as 
the  driver *s  seat,  and  also  forms  the  body  of  the  truck.  There 
are  usually  two  vertical  pumps  of  the  fly  wheel  type  placed 
side  by  side;  the  exhaust  passes  up  the  stack  giving  the  necessary 
draft. 

Some  engines  are  equipped  with  a  boiler  feed  pump,  others 
depdad  upon  an  injector,  or  feed  directly  from  the  main  pump. 
The  coal  box,  which  also  forms  a  platform  for  the  engineer  to 
stand  upon  while  underway,  is  placed  back  of  the  boiler.  All 
engines  are  equipped  with  two  suction  and  twp  discharge  open- 
ings so  that  connection  may  be  made  from  eithler  side.  The  tool 
box  is  in  front  of  the  engine  under  the  driver's  seat.  Springs  are 
interposed  between  the  frames  and  running  gear  to  absorb 
vibration  and  shock  when  running  over  rough  roads  or  uneven 
pavements. 

Modem  fire  engines  are  classified  as  to  size  as  "double  extra  first,"  etc., 
their  capacity  and  weights  are  about  as  follows: 
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Sua 

Cp«iir 

Wnghl 

1.300  gaUon 

1,100     '• 

900      " 

700      •' 

eoo    " 

500      " 
400      •' 

IS  per  minute 

10,800  pounds 
9,800     " 
8.800     " 
7,800     " 
6,800      " 
6,800      " 
4,800     " 

First 

Second 

Fifth 

The  Boiler.— For  fire 
engine  service  a  boiler  is 
required  in  which  steam 
may    be    generated    very 

Fig.  1316.— ContuudUl  oombiiimtbii 
shell  and  water  tube  bailer.  In  eon- 
tlructlon  then  an  two  cylioden  of 
bcHvy  boiler  plate  steel  having 
welded  Besma.  Nested  together  the 
cylinder  are  joined  top  end  bottom, 
to  forged  snaoing  tings.    The  hollow 

Krallel  walla  are  leintorcod  by  stay 
Its.  The  interior  tubular  giouiiina 
or  iieneTating  Bystem  consiats  of 
stnught  boiler  tubes  made  up  into 


marked  by  ■  diffennce  m  Che  uu 
th*  tub«t  uid  in  the  manner  in  wb 
tile  tubes  SiTe  disposed.    Tlie  t 


Ku  length'  oltli 


e.  partly  water  and 


downward  discharge 

the  top  of  eacii  lar^ 

Separation     takes 
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rapidly,  hence  water  tubes  are  used;  most  fire  engine  boilers  are 
of  the  semi-water  tube  type,,  being  a  combination  of  the  shell 
and  water  tube  types.    A  boiler  of  this  classis  shown  in  fig.  1,816. 

It. consists. of  numerous  vertical  water  tubes  surrounded  by  two  shells 
which  form  an  annular  space  for  water  and  steam.  The  lower  part  of 
the  inner  shell  is  enlarged  to  facilitate  the  rapid  generation  of  steam  by 


contracting  the  water  space  and  providing  the  max- 
imum grate  area. 

The  tubes  are  divided  into  outer  and  inner  sys- 
terns.  The  outer  tubes  embrace  the  short  manifold 
sections  adjacent  to  the-  fire  box  walls;  tbey  dis- 
charge below  the  water  line,  and  the  inner  tubes 
above  this  point  into  the  steam  space.  The  latter 
discharge  a  mixture  of  steam  and  water,  heoce  the 
steam  space  ia  by  no  means  dry. 

To  insure  a  delivery  of  dry  steam  to  the  cylin- 
ders, a  peculiar  lake  off  ring  is  provided  at  the  highest 
part  of  the  steam  reservoir,  the  same  endrding 
the  inner  shell.  The  ring  is  perforated  with  many 
small  holes  at  its  upper  part,  the  steam  entering  in 
Email  streams  ia  held  in  close  contact  with  the  hot 
"  inner  shell,  thus  drying  it  more  or  less  before  dis- 
cha:^e. 
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Pumps.— Fire  engines  are  usually  fitted  with  puthps  of^he 
vertical  double  acting  fly  wheel  type.     There  are  two  distinct 
piston  pumps  united  in  a  single  body.     The  steam  and  water 
tais  are  connected  by  a  frame  of  steel  columns  which  carry  the 
main  bearings  for  the  fly  wheel  shaft.  The  steam  and  water  piston 
of  each  iinit  are 
connected   to   k 
yoke,  with  con- 
necting rod  con- 
nection with  the 
crank  ^aft. 

Pig.  l,820Bhons 

the  usualajrange- 
ment  of  these 
partsiat  the  right 
IS  a  large  air 
chamber  and  on 
the  other  side  two 
vacuum  cham- 
bers. A  small 
Slimger  pump  for 
tedfiig  tlie  toiler 
is  attached  to  the 
frame  and  worked 
from  the  yoke. 

Fig.  1,821 
shows  construc- 
tion of  the  bed 
plate  and  frame 
work,  and  fig. 
1,823  an  end  view 
of  the  pumping 
engine  assembled 
with  valve  covef 
removed  for 
steam  cylinder 
showirtgthe  slide 
valve.  The  water 
cy  linders  are  seen 
with  two  cylinder 
'       '        nd  the 


Fio.  1320- — Continental  lelf-omlained  pumping  unit,  tn  • 
mtruetlon,  tha  steam  and  water  enda  are  joined  by  itx  steel 
unrns.  these  being  a  nUTine  bed  plate  midway  between,  by  m 
oE  iriiidi  the  unit  is  suspended  for  cfae  main  frame  of  the  stea 
The  Bteam  cylinden  bed  plale,  and  pumpi,  each  is  a  single  cai 


valv 

removed. 
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Hose  and  Nozzles. — Owing  to  the  contracted  diameter  of 

fire  hose,  the  flow  of  the  water  Is  retarded;  the  loss  of  power  due 
to  friction  increases  directly  with  the  length  of  the  line  and 
nearly  as  the  square  of  velocity. 

In  other  words,  if  the  loss  due  to  a  given  flow  be  12  pounds  for  100  feet 

of  hose,  then  24  pounds  will  be  required  to  maintain  the  same  rate  through 
an  additional  100  feet.  To  double  the  velocity  will  require  four  times  the 
pressure,  or  48  pounds  for  100  feet  and  96  pounds  for  200  feet.  It  must 
be  evident,  then,  that  the  capacity  of  any  engine  is  dimini^ed  as  the  length 
of  hose  is  increased. 


FlC.  I,B24.^SectKina]  end  view  ol  pump  cylinder  shomng  locatKiil  al  valves  and  doign  of  pis- 
ton.    LoTBe  femovable  covers  are  puced  opposite  the  vsJves  makiog  them  easily  accessible. 

Care  should  be  taken  not  to  use  too  large  nozzles  if  two  or 
more  streams  are  being  thrown.  The  sizes  of  nozzles  named 
t»elow  will  give  the  most  satisfactory  results,  those  in  italics 
t>eing  best  adapted  to  fire  duty. 

Extra  Srat  size  engine.— 1,100  to  1,500  gallons  capacity.  Through 
short  lines  of  hose:  One  1]^  inch  smooth  bore  nczzU,  Jot  one  stream;  one 
1  ji  inch  rinE  nozzle,  or  one  2  inch  ring  nozzle;  1%  inch  ring  nossiie.  With 
1,000  feet  of  hose,  one  IJi  inch  ring  nozzle. 
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Pint  tize  engine. — 900  to  1,000  gallons  capacity.  Throurii  Ehort 
lines  of  hose:  One  1%  tTuk  smooth  bore  noziU,  for  one  slriam;  oiielHi°ch 
ring  nozzle,  or  one  1^  inch  ring  nozsle;  IJi  inch  ring  notdes  for  tuo 
streams.    With  1,000  feet  of  hose,  one  IJi  inch  ring  noizle. 

Second  tize  engine. — 700  to  800  gallons  capacity.     Through  short 
lines  of  hose;  One  \.\^  inch  smooth  bore  noztU,  for  one  stream;  onelj^inch 
ring  nozzle,  or  one  1)^  inch  ring  nozzle;    lyi  inch  ring  noales  for  two 
streams.    With  1,000  feet  of  hose,  one  IJlJ  inch  rii^  no^Je. 
_  Third  size  engine.— GOO  to  660  gallons  capacity.    Through  short  lines 


!w  of  Continental  it 


Fourth  ttze  engine. — 600  to  650  gallons  capacity.  Through  sb«t 
lines  of  hose:  One  VA  inch  smooth  bore  nottle,  for  one  streiim;  one  1 J^  indi 
ring  nozzle,  or  one  IM  inch  ring  nozzle;  J4  inch  ring  nonles  for  tuio  streams. 
With  1,000  feet  of  hose,  one  1-inch  ring  nozzle. 

Fifth  and  tixth  size  engine: — 300  to  450  gallons  capacity.  Throu^ 
short  hnesof  hose;  one  l-inch  smooth  bore  nozzle,  for  one  stream;  one  indi 
ring  nozzle,  or  one  1 K  inch  ring  nozzle ;  J4  inch  ring  nozdes  for  two  streams- 
With  1,000  feet  of  hose,  one  H  inch  ring  nozzle. 


Care  and  Management. — The  fire  engine  is  essentially 
an  apparatus  adapted  to  emergencies,  and  owing  to  the  inter- 
mittent nature  of  the  duty  performed,  it  is  quite  likely,  unless 
the  proper  precautions  be  observed,  that  its  several  parts,  more 
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General  DirectUttu. — All  things  about  the  houfe  should  be  kept  in  good 
order  and  neat  condition,  particuWly  the  engine,  which  ought  always  to 
be  dean  and  bright.  Avoid  neglect,  which  tends  to  waste  and  decay,  as 
dirt  often  covers  unsuspected  faults. 

While  standing;  in  the  house,  the  engine  should  at  all  times  be  kept 
readv  for  immediate  service,  with  plenty  of  shavii^s  and  kindlings  in  the 
fire  box,  and  as  much  kindlings  and  coal  in  the  fuel  pan  as  can  be  con- 
veniently carried. 

In  winter,  if  no  heater  be  attached  to  the  engine,  the  room  must  be  kept 


EB,  etc.,  Had  also  sa  ah  appurtenaiice 
1,S30. — Apptoved  form  of  itrsiner. 


All  of  the  bearings  and  journals,  as  well  as  the  oil  cans,  should  be  wdl 
supplied  with  ^ood  oil.  The  best  lard  oil  is  recommended  for  this  punxw^ 
snd  in  winter  it  should  be  mixed  with  kerosene,  in  the  proportion  of  two 
parts  of  the  former  to  one  of  the  latter,  to  prevent  its  becomii^  thick. 

Prom  three-fourths  to  one  inch  of  water  should  be  indicated  in  the  glass 
gauge,  except  there  be  a  heater  attached  to  the  engine,  when  from  four  to 
five  inches  should  be  carried.  The  bottom  of  the  glass  tube  being  on  a  line 
with  the  crown  sheet,  when  one  inch  of  water  shows  in  the  tube  the  -water 
Sne  in  the  boiler  is  then  one  inch  above  the  crown  sheet. 

Every  engine  house  should  be  provided  with  a  force  pump,  for  filling 
the  boiler  with  water,  as  well  as  for  washing  and  other  purposes,  fitted  for 
one  Inch  hose,  together  with  at  least  25  feet  of  the  latter. 
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that  it  is  in  proi>er  working  order,  after  which  the  boiler  should  be  blown 
off  and  refilled  with  fresh  water,  as  hereinafter  directed. 

Laying  of  Fire. — ^Before  laying  the  fire,  see  that  the  grate  and  fire  box 
are  dean,  also  that  the  grate  bars  are  fast,  so  they  will  not  be  liable  to  jar 
out,  and  that  all  the  steam  outlets  of  the  boiler  are  tightly  closed. 

Lay  on  the  grate  some  dry  pine  shavings,  not  too  many,  spread  evenly 
over  the  grate,  with  a  few  hanging  down  between  the  bars;  on  the  shavings 
put  some  finely  split  pine  or  h^nlock  wood,  then  some  a  little  coarser, 
and  finallv  a  quantii^  coarser  still.  It  is  well  to  put  on  the  top  some  finelv 
split  hard  wood,  /niese  kindlings  must  all  be  ary  and  split,  not  sawed, 
and  should  be  put  in  loosely,  in  layers,  the  layers  being  crossed,  so  that 
there  will  be  a  free  circulation  of  air  between  them. 


Pig.  1,831. — Continental  duplex  throttle.  It9  object  is  to  allow  the  operator  more  freedomi 
and  to  permit  a  wide  radius  of  action  about  the  machine.  It  coruUts  of  two  complete  and 
distinct  valves  joined  in  a  single  body.  The  operating  stems  are  extended  to  opposite  sides- 
of  the  engine  within  easy  reach.  Both  stems  turn  to  open  or  close  in  the  customary  manner 
for  respectively  starting  or  stopping. 


Never  start  a  fire  unless  a  full  gauge  cock  of  water  is  in  the  boiler. 

Always  keep  a  good  torch  in  the  fuel  pan,  ready  for  use.  This  can  be 
made  by  taking  a  stick  about  two  feet  long  and  tying  some  cotton  waste 
on  one  end,  and  saturating  the  waste  with  kerosene. 

Starting  and  Maintaining  the  Fire. — To  light  the  fire:  Apply 
torch,  already  described,  below  the  grate,  never  in  the  door;  and  while 
doing  so  move  the  torch  around  to  insure  thoroughly  igniting  the  shavings. 

Be  particular  not  to  open  the  fire  door  oftener  than  necessary,  especially 
when  getting  up  steam. 

In  addition  to  the  wood  in  furnace,  an  extra  supply  is  carried  in  the  fuel 
pan.    For  convenience  this  is  put  up  in  bimdles;  their  size  should  not 


A 
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'  eccced  four  or  fivs  inclies  in  diameter,  nor  mucii'  over  a,  foot  in  lengl^h.  If 
these  dimensions  be  exceeded  they  become  ciimbeisome  and  cannot  be 
readily  passed  into  the  furnace. 

The  kindling. should  be  carefully  prepared,  and  the  quantity  carried 
sufficient  to  generate  a  working  preewre  in  the  boiler  beftm  Coid  iB  added 
to  the  fire. 

When  there  ia  a.  piressure  of  40  to  60  pounds  of  steam,'begin  throwing 
-in  coat,  a  littie  at  a  time,  broken  up  in  ^Meces  about  the  size  of  a  man's  fist. 
Bituminous  coal  should  be  used,  the  same  as  that  from  wbidi  illuminating 
gas  is  made.  It  should  be  of  the  very  best  quality,  entirely  free  from  slate 
.  ot  sulphur. 


Via.  I .S32.— Continental  steam  blast  valve  conlnil.     By  opening  this  valve  an  artificial  draft 
may  be  staTted  in  the  chimney  for  tlimming  the  fire  at  eoch  times  when  the  engine  mechan- 

The  mistake  is  frequently  made  of  allowing  most  of  the  wood  to  bum  out 
before  jiutting  in  any  coal.  This  should  be  avoided,  as  the  kindHngs  must 
be  burning  nicely  in  order  to  start  the  coal.  If  the  supply  of  wood  should 
become  exhausted,  always  begin  throwing  in  coal  while  there  is  still  enough 
wood  in  the  fire  box  to  ignite  it,  even  if  the  gauge  do  not  indicate  any 
steam  whatever. 

Do  not  put  the  wood  or  coal  all  close  to  the  fire  door,  but  scatter  it 
about  and  spread  it  evttily  over  the  grate. 
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As  soon  «s  the  engine  is  istarted^  coal  should  be  put  in  often,  a  little  at 
a -time,  and  tiie  grate  shoald.be  kept  nicely  covered,  but  not  thickly—say 
to  a  depth  of  three  or  four  inches.  Be  piuticular  to  &re  evieaily  and  r^u- 
larly,  taking  care  that  th^e  be  no  air  holes  through  the  fire,  and  to  <^)eii 
the  fire  door  only  when  necessary. 

The  grate  bars  should  be  kept  well  raked  out  from  below,  and  the  fire 
and  cosl  occasionally  stirred  off  the  grate  bars  inside,  the  fire  box,  using 
the  flat  side  of  the  poker  for  the  latter  operation.  But  do  not  "clean" 
oftener  than  necessary;  keep  the  fire  door  open  as  short  a  time  as  possible^ 
land  use  no  more  coal  than  is  required^ 

Operating  the  Engine^' — ^The  engineer  should  start  up  the  machine 
gradually,  but  before  doing  so  he  ought. to  satisfy  himself  that  the  joints 
and  connections  in  the  suction  hose  are  air  tight,  that  the  discharge  gate 
is  open  and  the  chum  valve  closed,  and  that  the  fire  has  been  properly 
attended  to.  Let  the  cylinder  cocks  be  open  and  the  exhaust  nearly 
dosed,  and  all  the  bearings  and  journals  well  oile^*  The  wheels  should  be 
properly  blocked,  especially  if  standing  on  a  grade.  When  starting,  the 
throttle  valve  shotdd  be  opened  slowly  at  first,  or  condensed  steam  will  be 
thrown  out  of  the  stack  on  the  dome,  and  is  liable  to  stain  it. 

The  automatic  air  cocks  on  the  upper  pump  heads  must  be  opened 
immediately  after  starting.  They  serve  to  promptly  relieve  the  upper 
ptunp  chambers  of  air,  and  may  be  closed  as  soon  as  water  is  ejected  from 
their  orifices. 

When  condensation  has  ceased,  the  engine  being  warm,  the  drain  cocks 
should  be  closed  and  the  machine  speeded  up  gradually  until  a  good  pressure 
of  steam  is  obtained. 

After  the  engine  is  fairly  started,  do  not  stand  too  closfe,  but  let  your 
position  be  a  step  back;  and,  with  your  face  toward  the  machine,  endeavor 
to  train  your  eyes  and  hands  to  command  the  entire  situation.  While  it 
is  perfectly  proper  to  be  near  the  throttle,  in  order  to  promptly  dose  it  in. 
case  of  bursting  hose  or  failure  of  the  water  supply,  do  not  acquire  the 
habit  of  constantly  clinging  to  the  satrle,  for  there  are  other  duties  equally 
as  important  that  require  your  attention. 

In  the  general  hurry  and  rush,  avoid  all  exdtement,  and  let  your  duties 
be  attended  to  in  a  calm  and  collected  manner. 

Until  the  engineer  has  had  some  experience  with  the  machine,  and  is 
thoroughly  familiar  with  its  workings,  it  is  not  advisable  for  him  to 
use  more  than  90  or  100  pounds  of  steam,  which  is  all  that  is  required 
for  ordinary  fire  duty,  and  the  necessity  for  more  than  120  pounds  vnW. 
never  arise. 

The  water  in  the  boiler  should  be  carried  as  high  as  six  or  eight  inches 
in  the  glass  tube  as  soon  as  the  engine  is  fairly  at  work  and  a  gocd  pressure 
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of  steam  is  obtained.  The  gauges  will  indicate  more  water  in  the  boiler 
when  the  macUne  is  running  than  it  will  with  the  same  quantity  of  water 
if  it  is  not  at  work.  For  this  reason,  the  boiler  should  be  kept  well  supplied 
with  water;  and  the  feed  tank  (when  there  is  one)  should  be  kept  always  fulL 

If  the  glass  tube  get  broken,  the  height  of  the  water  line  in  tJie  boiler 
can  be  ascertained  by  means  of  the  gauge  cocks,  opening  them  but  a 
trifle.  If  opened  wide  the  tendency  would  be  to  draw  up  the  water.  A 
little  experimenting  will  enable  one  to  use  them  properly,  but  sole  reliance 
should  not  be  pla^  on  the  glass  tube  at  any  time,  and  the  gauge  cocks 
ought  to  be  used  frequently.  Both  the  gauge  cocks  and  the  glass  water 
gauge  should  be  kept  clean,  and  water  from  the  glass  gauge  should  be 
blown  out  occasionally. 

The  uniformity  of  the  boiler's  action  is  materially  aided  by  maintaining 
an  even  fire  and  a  steady  feed. 


Pigs.  1,833  and  1,834. — ^Usual  arrangement  of  heater  pipes  on  Continental  engine.  The  pipes  are 
fastened  to  the  bottom  of  the  fuel  pan  and  the  spacing  and  dimensions  as  given  conform 
with  the  arrangement  of  pipes  for  the  stationary  heater  shown  in  fig.  1.835. 


If  there  be  a  tendency  to  foam,  the  feed  should  be  increased  and  the 
surface  blower  opened  quite  frequently  to  relieve  the  boiler  of  the  scum 
and  surplus  water.  If  the  foaming  be  unusually  violent,  it  may  be  sub- 
dued by  stopping  the  engine  for  a  few  moments  and  pennitting  the  water 
to  settle. 

During  temporary  stops  the  fire  should  be  cleaned,  the  clinkers  removed, 
and  the  moving  parts  of  the  machinery  examined  and  oiled. 

When  the  engine  is  not  running,  the  fire  may  be  replenished  if  necessary; 
and  it  can  be  kept  bright  by  slightly  opening  the  blower  valve,  by  means 
of  which  a  steam  jet  is  blown  mto  the  smoke  stack  for  the  purpose  of 
improving  the  draught.  ' 
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Boiler  Feed. — ^The  boiler  is  usually  fed  by  force  pumps,  the  plungers  of 
which  are  secured  directly  to  the  yokes  of  the  main  engines.  Both  pumps 
are  arranged  to  work  in  tmison;  and  the  suppl}^  is  generally  taken  from  the 
discharging  chamber  of  the  main  ptunps,  and  is  controUed  by  an  ordinary 
globe  "N^ve. 

Shotdd  the  water  beiiig  delivered  by  the  main  pumps  be  unsuitable  for 
feeding  the  boiler,  this  valve  must  remain  closed,  and  a  supply  from  some 
other  source  introduced  through  the  opening  provided  for  that  purpose. 

Every  engine  reqtiired  to  pump  salt  water,  or  other  water  imfit  for  the 
boiler  supply,  should  be  provided  with  a  fresh  water  feed  tank. 

The  purpose- of  the  automatic  air  cock  (if  there  be  one)  is  to  prevent  the 
rattling  of  the  check  valves  when  the  ptmips  are  being  only  partially  filled; 
if  the  supply  is  to  be  draughted  from  a  barrel  or  tank,  the  entrance  of  air 
through  tnis  cock  must  be  prevented. 

In  any  engine,  to  feed  the  boiler  directly  from  the  main  pump,  the  water 
gauge  must  indicate  a  greater  pressure  than  the  steam  gauges;  and  it  may 
be  necessary,  in  order  to  obtain  the  desired  water  pressure,  to  partially 
dose  the  discharge  gates  of  the  pump  if  a  large  nozzle  or  two  or  more 
streams  are  being  used. 

When  feeding  the  boiler,  it  is  a  good  plan  to  occasionally  feel  the  pipe 
leading  from  check  to  boiler  with  the  hand,  as  one  can  tell  by  this  means 
whether  the  pump  be  feeding  properljr.  If  feeding  all  right,  the  pipe  will 
be  cool.  If  the  pipe  be  hot,  the  pump  is  not  feeding  properly,  and  it  should 
be  attended  to. 

In  case  of  low  water,  and  it  is  found  impossible  to  feed  the  boiler  in  anv 
of  the  different  ways  provided,  the  fire  must,  be -drawn  at  once.  Don  t 
turn  on  the  feed,  start  or  stop  the  engine,  nor  open  the  safety  valve;  let 
the  steam  outlets  remain  as  they  are,  and  allow  the  boiler  to  cool  down. 

Relief  Valve. — This  is  a  device  attached  to  the  discharge  main  of  the 
pump,  and  connecting  with  the  suction  chamber,  its  purpose  being  to 
relieve  the  hose  of  undue  pressure.  It  is  used  in  connection  with  a  shut  off 
nozzle.  When  such  nozzle  is  either  partially  or  fully  closed  the  valve  is 
operated  automatically,  like  a  safety  valve,  and  the  surplus  water  not 
required  for  the  duty  being  performed  is  diverted  from  the  hose  into  the 
suction  chamber  of  the  pump,  without  any  cessation  to  the  machinery. 
Its  operation  is  similar  to  that  of  a  chum  valve,  the  difference  being  that 
the  relief  valve  works  automatically  while  the  chum  valve  does  not. 

If  the  engine  be  supplied  with  a  relief  valve  you  should  familiarize  your- 
self with  its  construction  and  working.  It  is  not  practicable  for  us  to 
give  directions  here  that  will  apply  to  all  the  several  different  types  of 
relief  valves  now  in  use,  most  of  which  are  no  longer  made.  Care  should 
be  taken,  however,  whatcfver  the  style  of  valve,  to  see  that  all  connections 
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are  kept  tight,  inio^der  to  prevent  any  leakage  of  air  into  the  suction  chamber 
.  of  the  pump. 

'  '  '  '  .    '  •  • 

There  ought  always  to  be  a  valve  between  the  relief  valve  and  the  suction 
chamber  of  pump,  so  as  to  cut  out  the  relief  valve  in  case  same  should 
from  any  cause  become  disabled. 

Friming  Valves. — ^The  priming  valves,  in  cases  where  such  valves  are 
attached  to  a  fire  engine,  control  small  passages  leading  from  the  discharg- 
ing side  of  the  main  pumps  to  the  upper  receiving  chambers  of  the  same. 
If  the  air  cQcks  fail  to  show  water  promptly,  flbcxl  the  upper  ptunp  ends 
by  opetiing  these  valves  for  a  moment,  provided  of  course,  that  the  lower 
ends  of  the  same  have  already  taken  suction. 

The  Variable  Exhaust. — In  connection  with  good  coal  and  good  firing 
on  the  part  of  the  stoker,  the  engineer  must  make  proper  use  of  the  exhaust 
lever,  to  maintain  an  ample  working  pressure  of  steam.  When  there  is 
plen^  of  steam  the  exhaust  should  be  kept  wide  open;  if  more  steam  be 
required  push  in  the  lever.  This  will  dimimsh  the  opening,  and  the  velocitv 
of  the  exhaust  will  be  increased,  improving  the  draught,  but  creating  a  bade 
pressure  on  the  engine. 

The  variable  exhaust  is  particularly  useful  when  first  starting,  but  as 
the  boiler  steams  more  freely  open  it  to  the  full  extent. 

The  Churn  Valve. — ^The  principal  object  of  the  chum  valve  is  to  permit 
the  operation  of  the  pumps  without  discharging  any  water  through  the 
natural  channels;  it  controls  a  passage  by  whi(£  the  discharging  side  of 
the  pumps  is  connected  with  the  suction  chamber. 

In  draughting  water,  when  the  pumps  are  first  started,  this  valve  must 
remain  closed  until  the  ptunps  are  filled  with  water,  thereby  exduding 
the  air  which  would  find  its  way  into  the  suction  chamber  if  the  same 
were  open.  It  should  also  be  closed  when  the  pumps  are  at  rest,  to  prevent 
the  dropping  of  the  water  in  the  suction  pipe.  It  may  be  opened  slightly 
with  gooa  OTect  when  pumping  through  long  lines  of  hose,  or  when  first 
starting  against  a  heavy  resistance,  thereby  increasing  the  piston  speed 
of  the  machinery  without  actually  delivering  a  greater  quantity  of  water. 
■  It  also  permits  the  force  pumps  to  be  kept  in  motion,  for  the  purpose  of 
supplying  the  boiler  at  times  when  it  is  imdesirable  to  deliver  water  through 
the  hose  lines. 

When  the  engine  is  put  to  suction,  acquire  the  habit  of  feeling  this  valve 
,  to  assure  its  pomplete  closure. 

The^  Water  Supply. — ^The  suction  basket  or  strainer  should  always  be 
attached  when  draughting  water,  and  every  precaution  taken  to  tnsure 
tight  connections  in  the  suction.    The  basket  must  be  kept  well  under  the 
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surface,  aod  kept  from  cloegiiig  if  the  water  be  foul.  Additional  Btrainers 
should  be  provided,  placed  just  inside  of  the  suction  inlets  d  the  pump 
^ea  the  suction  is  carried  disconnected;  when  the  suction  is  permanently 
connected  to  the  pump,  the  strainer  is  set  in  the  end  of  the  auction.  These 
strainers  muBt  alnaysM  examined  and  cleaned  before  the  engine  is  returned 
to  quarters,  and  at  all  other  times  when  there  is  ai^  reason  to  suspect 
that  they  are  obstructed. 

When  the  supply  is  taken  from  a  hydrant,  satisfy  ^roureeU  that  the  same 
has  been  fully  turned  on;  if  opened  before  water  is  wanted  through  the 
hose,  the  discharge  gates  on  the  eiu;ine  must  be  dosed.  Unless  the  pressure 
be  excessive,  the  hydrant  is  usually  permitted  to  remain  open  while  the 


n  either  side  w  shorn)  W: 


Frequently  the  first  water  taken  from  a  hydrant  is  stagnated;  hence,  if 

'O  feed  the  boiler  before  any  considerable  quantity  has  passed,  it 

*o  permit  it  to  waste  by  opening  an.  idle  gate. 
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The  apparatus  should  always  be  halted,  or  placed  at  a  proper  pointy 
with  reference  to  the  source  of  the  water  supply.  Good  jud^ent  on  the 
part  of  the  driver  will  often  obviate  short  and  awkward  bends  in  the  suction 
hose,  and  also  facilitate  the  work  of  making  the  necessary  connections. 
The  suction  hose  should  always  receive  considerable  attention;  oU  is  very 
injurious  to  the  rubber,  and  when  allowed  to  remain  long  in  contact  with 
its  surfaces,  will  cause  decay.  Ordinary  precaution  wiU  be  sufficient  to 
prevent  injury  by  chafing  on  sharp  stones  or  rough  surfaces  when  the 
pumps  are  in  Operation. 

When  attached  to  a  hydrant  or  plug,  do  not  run  the  engine  faster  than 
you  can  get  water  to  supply  the  pump,  and  if  the  pressure  be  not  sufficient 
to  allow  the  pump  to  work  to  its  full  capacity,  avoid  using  too  large  nozzles. 

If  it  be  suspected  that  one  of  the  joints  in  the  suction  is  loos^,  the  speed 
of  the  engine  may  be  slackened  without  stopping  entirelv,  until  water  is 
thrown  eight  or  ten  feet  from  the  nozzle,  when  if  the.pump  be  taking  air,  the 
stream  will  crack  and  snap  instead  of  flowing  out  smoothly.  ,  If  it  be  fotmd 
that  the  pump  is  taking  air  through  the  suction,  and  the  leak,  cannot  be 
located  in  any  other  way,  it  may  be  found  by  removing  the  suction  basket 
and. turning  the  end  of  the  suction  up  higher  than  the  top  t)f5the  pump, 
and  then  filling  it  with  water.  The  water  will  be -forced  out  through  the 
joints  wherever  loose,  and  leaks  can  easily  be  found  in  this  way. 

When  draughting  the  water,  bear  in  mind  that  the  greater  the,  perpen- 
dicular lift,  the  less  the  quantity  of  water  which  can  be  pumped,- remember- 
ing that  it  is  the  pressure  of  the  atmosphere  which  forces  the  water  into 
the  pump,  and  not  any  power  exerted  by  the  pump  itself,  which  simply 
produces  the  vacuum.  Thus,  the  nearer  the  surface  of  the  water  the 
greater  the  velocity  with  which  it  enters  the  pump,  while  the  higher  the 
pump,  the  weaker  the  pressure  and  the  less  the  quantity  of  water  which 
entens  it,  and  at  a  height  of  about  30  feet  no  water  will  go  in  the  pump. 

For  this  reason,  the  greater  the  lift,  the.  smaller  the  stream  that  can  be 
thrown  effectively,  and  the  size  of  nozzle  used  should  depend  upon  the 
height  the  water  is  draughted,  reducing  it  one-eighth  inch  for  every  five 
feet  above  a  lift  of  10  feet. 

Shutting  Down* — ^In  extremely  cold  weath^,  if  it  be  desired  to  stop 
doing  duty  for  any  reason,  it  is  a  good  plan  to  keep  the  main  pump  con- 
stantly but  slowly  revolving,  even  if  it  be  just  barely  moving,  and  to  keep 
a  light  feed  on  the  force  pumps,  to  prevent  freezing.  This  should  be  done, 
also,  when  necessary  to  change  positions  at  fires,  while  the  engine  is  being 
transferred.  In  small  towns  it  is  well  to  have  a  good  supply  of  water  in  the 
boiler,  and  sufficient  steam  to  revolve  the  engine  and  pump  slowly  while 
returning  to  the  house. 

Preparatory  to  the  final  shutting  down  of  the  apparatus,  with  a  view  of 
returning  to  quarters,  permit  the  steam  pressure  to  rise  to  the  point  of 
blowing  off;  also  let  the  fire  be  burned  clear  and  bright  before  withdrawing 
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the  same  from  Iht  fumaca,  ^  ^^ich  may  be  readily  dcue  by  closiiig  the  fire 
door  and  opening  the  blower  valve.  This  will  bum  <^  most  of  the  aoot 
adhering  to  the  heating  surfaces.  Allow  water  to  drop  down  to  first 
gauge  cock,  which  will  insure  your  obtaining  dry  steam;  when  blower  is 
opened  with  a  high  water  line,  water  is  apt  to  rush  throu^  the  blower, 
and  wet  steam  is  not  so  effective  in  blowing  ofT  the  soot. 

There  should  be  a  steam  pressure  of  about  30  pounds  when  the  grate  is 
dumped,  after  which  all  remaining  soot  and  ashes  should  be  blown  with 
sUam  from  the  top  of  the  smoke  stack  down  through  the  smoke  Sues  into 


Fig.  1.837.-^PrDnt  end  of  AhT^ent^Fox.  sfilf^iMopelled  fiT«  engine  with  003  erigiufi  power  unit; 
view  shdwirw  thepowvr  uid  pmnpiog  unit.    Thesaaensine  i3  use4  bolh-lor  propell^  the 

the  fire  box,  using  for  this  purpose  the  small  cleaning  hose.  Then  the  soot 
should  be  blown  from  the  fire  box  and  water  tub^,  and  the  a^es  from 
around  them,  using  the  cleaning  hose  and  steam  through  the  ^re  door; 
the  grate  may  then  be  replaced. 

Not  less  than  once  a  month,  after  dumjring  the  grate,  with  from  IS  to  20 
'  pounds  of  steam,  all  of  the  water  and  steam  should  be  blown  out  of  the 
ooiter  through  the  blow  off  cock,  in  the  water  leg  of  the  boiler. 
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Returning  to  Quarters. — Promptly  refill  the  lubricators  and  all  other 
oil  cups,  and  thoroughly  examine  the  mechanCsm,  and  also  the  running 
gear,  as  soon  as  the  apparatus  is  returned  to  Its  quarters.  If,  however, 
the  work  has  been  of  long  duration  or  the  water  bad,  the  boiler  should  be 
thoroughly  washed  out  before  again  placing  the  machjne  in  service.    To 

do  this  properly,  a  one-indi  hose  with  suitable 
nozzle  must  be  provided,  and  if  there  be  no 
hydrant  connection  or  pressure,  a  force  pump 
may  be  substituted.  Remove  all  the 
plugs  at  the  bottbm  of  the  boiler,  and 
with  the  hose  and  scrapers  free  the 
shell  of  the  sediment  lodged  therein. 


Pig.  1,838. — Sectional  view  of  Ahrens-Fox  six  cylinder  engine  and  pumpinsr  unit,  showing 
cooling  system.  The  cooling  aymtem  includes  a  junction  box  seen  at  the  rear  of  the  pump. 
To  the  upper  and  lower  divisions  of  this  junction  box  are  affixed  a  number  .of  tubular  loops 
made  of  thin  copper.      It  is  seen  that  these  several  loops  penetrate  well  into  the  depth  of 

-  the  suction  chamber.  Their  exterior  surfaces,  therefore,  are  subjected  to  the  cooling  influence 
of  the  full  volume  of  water  discharged  by  the  fire  pump,  all  of  which  must  necessarily  pas9 
through  the  chamber  where  the  loops  are  installed.  A  two  way  regulating  sleeve,  located 
in  the  lower  division  of  the  junction  box,  affords  control  of  the  device.  Turned  to  the 
position  appearing  on  the  diagram  the  sleeve  has  cut  off  entrance  to  the  cooling  loops.  The 
hot  flow  leaving  the  top  of  the  motor  cylinders  will  therefore  by  pass  into  the  radiator,  thxis 
following  the  'circulative  course  ordinarily  prescribed.  Reversing  the  position  of  the  sleeve 
the  flow  from  the  motor  is  diverted  and  farced  to  pass  through  the  loops.  In  transit  the  ex* 
terior  surfaces,  in  contact  with  the  rapid  rush  of  water,  absorb  heat  very  rapidly  and  after 
making  the  loop  circuit  the  flow  proceeds  to  the  radiator  and  resumes  the  course  which 
ordinarily  obtains.  The  flow  can  be  diverted  to  the  loops  in  any  degree  desired  by  the 
operator.  When  driving  over  the  road  the  hot  flow  from  the  motor  is  prevented  entering 
the  tubular  loops  by  setting  the  lever  in  its  off  position.  Unnecessary  radiation  of  heat  in 
the  interior  of  the  pump  is  thereby  avoided.  The  cooler  may  also  be  used  as  a  heater,  that 
is  by  keeping  the  loops  in  circuit  at  times  when  extremely  cold  weather  is  encountered,  the 
pumps  may  be  kept  quite  warm  as  long  as  the  motor  is  in  action.  This  feature  is  noteworthy 
and  is  of  advantage  in  cold  climates.  Enroute,  coming  or  goings  the  pump  will  be  protected 
from  the  danger  of  freezing. 


FIRE  ENGINES 


F[RE  ENGINES 


1 

B  =  .  •» 

t 

i 

1 

y 

nil 

1 

.',f 

'A'SS 

g 

^■5 

mi 

r 

While 
ethat 

Alter 
med. 
After 

i* 

S5     S. 

FIRE  ENGINES 


„'  of  the  oil  cups  on  the 

Si  top  heads  of  the  en- 

"_  gines;  have  the   pis- 

'S  tons  at  a  pomt  pre- 

>  venting    the  oil 

I  d  enteriiig    the    ports, 

I J  and    alter    allowii^ 

1  J  suffiddnt  time  for  the 

i  same     to     distribute 

B  itself  over  the  piston 

^  head,  give  the  engines 

.|  sevec^tiimsbyhand, 

■3  thereby  coating  the 

§■  adea  of  the  cylinders 

^  with  a  fihn  of  oil  and 

oji  effectually  preserving 

■g  ".  them  against  rust. 

■si       It  is  a  matter  of 

"fu  the  greatest  import- 

^-g  ance  that  aU  c"^  ""-- 


5  „  HI  >iio  ou^wiun  should 

J«"  be  kept  tight  at  all 
times.     Eveiy  little 

J  <■  while     the    engineer 

"5 1  ought     to    take    the 

'ES  wrench  furnished  for 

H  *  that  puTpcse,  and  see 

£!  thateveryjointinthe 

I S  suction  is   provided 

S^  wiUi  a  idece  of  good 

^a  packing  and  that  it  is 

■g.-s  perfecUy  tight. 

.|J  The  steam  gauges 

^2  should  stand  at  zero 

!^  when  pressure  is  off. 


K 


I  a  the  glass  t^.^  ^  .^^ 

« -3  water  gauge,  close  the 

*  S  cocks  on.  top  and  bot- 

^8  tom,.filItihetubewith 

1  g  benzine,  and  allow  it 

_  s  to    stand  an  hour  or 

.  S  I  two.     Then  draw  the 

"'  s  benzine  out,  open  the 

jjE  cocks,  and  let  water 
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A.n.hHi.,  aJr  compniBon,  diss.,  706,  717. 
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td-flow  awnia,  ilia.,  60'  - 
Adv>ice-Rmxw&  tavctkm  *"r»*,  Ok..  909< 
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compnsoT.  mi-.  715. 
e£..  707. 


r  HunprMWirM, 
two  itage,  714,  .  _. 
UDliuder,  nu.,  730. 
vilya.  nil.,  710,  7ia. 
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cat  HiH.  \M.,  nvi 

iUs.,  I 

BOgnm  dinsnra,  ^ 

Bin.  Tock  drill,  vai 

"'--t  vBlve,  fire  en. 

rioff  «Dffiiw(s), 

air,  end,  T&. 
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Emu  cohpOtaUl,  ill!.,  T3&. 

BiitoB  ilMHd,  TjlO. 

BouIlMrwfc  jwuwui  tTDM,  ini^  73S- 

BSM,  7».' 
nlve  BW.  »3. 
"Blowisg  tubj^"^Bcnithiniik  bofuo&tal,  iU(„ 

8M. 


HttstlTi^,  491. 

b^tiaa  avnh  B03. 
pump,  calcuUunn,  081-682. 
iteualumma'.fisDriiw,  S12,  Bl^ 


tnctiaa  angioe.  illi.,  SW,  Bll. 
Cantiitugil  pi  —   '" 


usuxinue*  »u* 
turbine,  W8,  060,  680. 

Chun,  belt  mbdng  dmm,  ill*.,  803. 
drive,  concccts  miier,  ilk.,  SOB. 
Chafla'  «  Boyle's  1awb«  pbaiQinaa,  ilU., 
705,  7M. 


Chum  Talve.  fire  i 


,  Ahnns-Pox,  ilk,  MS. 
slouB  (hovel,  S3C 


Cluk  four  valve  ensine,  ilk.,  608. 
Cleuuice,  Corliss  valve  geu,  «0t. 

jbulti-itAee  eJtpandoTX  engiae,  OQL 
Clover  Leaf  concrete  miier,  lDs.,  865 
Clutch,  Intcnuitional  coiwKEte  mixn.  Q 


Coal  bunker,  tandem  road  roller,  B21. 
Colt  disc  enajne,  connnictioii,  703. 
Column  rock  dnil,  leciprocAtiiis,  Hvdacoo, 
ill.,..  7*2. 

>,  ensine,  610,  63. 


Componnd  comprawon,  TtS,  716,  ^10. 
Conmound  ensine.  007. 

bloiraiBT*'-.  '3*- 

iaDBir>ll>.t_e30. 

CBt  off,  017,  632,  624,  625.  626.038. 

cinder  tbUo,  61S.  016. 

^a^arn,  cut  off,  variable,  622,  am,  OlS. 
dinct  expanum,  eos. 

with  drap.  613. 


lecsiver,  611,  612,  613. 
ttgnlalitm,  bv  throcUiog,  621,  K 

bv  variable  cut  off,  022, 

624,  025,  620,  628. 


regulation,   euunple,   diag.,    622,    03^ 


variable  cut  off,  021. 

diacnml,  622,  624,  635,  a3«,  I 

variiide  load,  631. 
Compound  locomotive,  duufranu,  038. 

Ruuell,  ii:^,  S23. 
Compoundinc,  aavins  due  to,  720. 
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CompMUOB,  tit.  705. 


CooodCi  miut,  830,  808. 
(Uq  drive,  nil.,  Sm. 

Sisre.^  "■•"'■ 

IloiBtlDB^  illi.,  87S,  873. 
Uawoodi  ills.,  870. 
Innit-Cainooi  0U_  BOO. 
HhnnkM,  ills..  SU. 
liaiMt,  850-874. 

dram,  in*..  862.  883.  887. 
prta,850. 

Dwer  tnanBBOB,  887. 
JkaMoate,  HI*.,  866. 

,  nu.,  871. 

^bot,  iiii.,  sea. 

tonk.  883.  805. 
ioiirCnliM  angiDe,  484. 
'  le.  dflMtt.  e04. 
ill!.,  838,  S39. 

es4,  88S. 


mdaser,  jel 
■6tt'.,7l 


ft.,  787. 

(H,  ill!.,  880. 

Cooulal  ceBtnfu(Bl  IMuop.  0a&  861 
Contiieetal  fin  sneiiu,  ilk.,  S28,  04 

biler,  ill)-.  938. 
CoBvrtibts  buitc  pomr  n>iid,  flb.,  8 
CoolW.  "f  ccoDpnHK,  707,  711. 

Coopc  ^S^  ee^,  ms.,  481. 
CoS»  engtoe,  463-668. 

kuinniilt-     "'    »'"'    ""      ' 

bd,  flb.,  E 


^^iclw^,  ill*.,  484.  46«.  470. 
(nnk  pin,  iui..  MO. 
mt  oS.  466. 


out  oninc,  ilb..  646-681. 
parte,  ills.,  48t,  465. 
fisum,  aligtimcDt.  iOi.,  540. 

loose,  846. 

P>tU,  Bk.,  64S. 

lod,  pAcldtifl,  625. 

won,  tSxt.  ills.,  647. 
poppet  valve,  6M. 
-* :>  640-843. 


over,  dii^.,  GZ3. 
under,  diatt.    "** 
•peed.  4»4-4fi8. 


s2a. 


s{,637. 

vaht,  471-474?^  *"* 

air  compreuor,  70»,  71 S. 
consUDCtion,  illB..  472,  663. 
boiit,  ins.,  796,  797. 
Imocts,  CHMta,  MS~M6. 
laeation,  484. 


Teleuinc  gear,  de*.,  ilia.,  483. 

■eat.  groovingf  eOect,  64G. 

■ettin^  607-fi34. 

squBnng,  610.  618. 

etem,  paddnf,  proper.  636, 

types.  111B.74S3. 
Ih  i<ar,  474-S03. 

advantaies,  464,  483. 

Allis-Chalmerg.  nuti,  ilU.,  480. 

d«h  pot  ml.  adrartment,  lUi.,  866. 

exMauit,  Uls.,  838. 

Todf  adjDStment,  ills..  654. 

peculiantiea,  861. 

puU.  ills..  474,  479,  4ST-490. 
Iter  elide,  cause,  0*0. 


plate,  477,  478. 
Coniib  mine  pump,  044,  87S,  676. 

Couplini      ■  * 

Cranl. 


-  ,  -mp,  »■,  o/a,  OJo. 

plugs,  bose.  fin  engine*,  042. 
pipe,  ParlcEr  pontoon,  ills.,  865. 
b  daw  sear.  iSt.,  483-480,  664. 


motion,  horiiontal,  ills.,  824. 
m  sheet,  boiler,  8S1. 

,  Boyle's,  A   Charlet'  law. 


rmpmaskin,  TDS,  717. 
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Carrmmt—CotUinUed 

performance,  poppet  Talve  engxxM»  diag, 
684. 
Cuahion  devwe»  Unction  engme,  iJUs.^  -897. 
Cut  off,  adjustment,  compound  Corlus  en- 
gine, 510. 

arm,  ills.,  484,  491. 

cam,  ills.,  497. 

changing,  623. 

collar,  Corliss,  514. 

direct,  563,  569. 

economical,    466. 

multi-stage  expansion  engines,  617. 

positive,  562.  - 

regiilation  by,  625h629,  632. 

ridfing,  567,  572. 

typical,  indicator  card,  - 617. 

valve  defects,  468- 

variabU,     multi-stage,     expansion     en- 
gines, 621. 
•  angular  advance,  562,  672. 

varying,  indicator,  card,  624. 
Cutter,  hydraulic  dredge,  ills.,  849i  850. 
Csrde,  compound  compression,  712. 
Cylinder,  air  compressor,  712,  719.- 

dosed,  pumping  engine,  ills.,  655. 

compensating,  pump,  iih.,  677,  678. 

Corliss,  ills.,  466-^69,  473,  485,  552. 

diameter,  csJculating,  619. 
compressor,  712. 
triple  expansions  calculation,  641. 

hammer,  745. 

head,  ills.,  £64,  671.  573,  732,  768. 

h^  pressure,  ills.,  756. 

hotsHng  engine^  Nonrdberg,  ills.,  792. 
parts,  ills.,  768,  778. 

lubricator,  ills.,  539,  739. 

oscillating  marine  engine,  Ktiebel,  691. 

poppet  V)alv«  engine^  iUs.,  683,  684. 

pumpf  fire  engine,  ills.,  933.. 

pumping  engine,  closed,  ills.,  656. 

ratio,  comi>ound  engine,  616,  616. 

thrust,  ills.,  800,  801. 

unifiow  engine,  ill.,  697. 

Baker  traction,  ills.,  908* 

water,  fire  engine,  ills.,  949. 


D 


Dake  square  piston  engine,  ills.,  701-703. 
Dashpot,  arm,  ills.,  480. 

Corliss  en^ne,  des.,  ills.,  491-495. 

governor^  ills.,  476. 

plunger,  ills.,  476,  489. 

rod,  Corliss,  612,  619,  565. 
pin,  ills.,  491. 
Deep,  hole  drill  wagon,  ills.,  746. 

mine  hoisting,  791-796. 
Delivery  pipe,  hydraulic  dredge,  862. 

valves,  pump,  661. 
Density,  maximum,  water,  647. 
Denver- Waugh  stoping  drOl,  ills.,  746. 
Derrick,  pile  driver,  803. 


Dmrrick,— Continued 

radial,  base,  fflii*,  784.. 

swinging  ropes^  hoisting  engine,  766. 
Detroit  lubricator,  ills.-,  640. 
Diagram,  indicator;  see  Indicator  cad. 

factor,  example,  diag.,  618. 
Diameter,  air  oompfreaaor,  eyliiulet8v712. 

cylinder,  multi-stage  expansion  ngine, 
619. 

hose,  fire  engine,  933. 
Differential  brakes,  hoisting  engine,  det.,  766. 

gearing,  traction  engine,  595n807  898. 
Dipper,  aim,  steam  shovel,  ills.,  826. 

diedge,  ills.,  843,  845,  847. 
Direct,  actmg  pvaaa^  676. 

connected  centrtfugal  pumps,  680. 
dredge^  ills.,  ^1. 

cut  off,  fifiding  valve  engines,  i])s«  669- 
672. 

drive,  hoisting  engine,  ills.,  772.   ' 

expansion,  oompouiid  engine,  ills*  608- 
610. 

flue,  locomotive  type  boiler,  ilk.,  ill. 

lift,  valve,  ills.,  710.     t 
Disc  engine,  Colt>  703*     ■  ■.-^ 
Discharge,  pressure,  hydraulic  dredge,  852. 

valve,  air  compressor,  ills.,  710. 
Disconnected  type,  blowing  engine,  tUs,  734, 

Ditch  making,  838. 
Ditching  machines,  833*-842. 
Dock  wheels,  hoistinsr  enyne,  766. 
Double,  cone  hoist,  Hendne  &  Bdthof  Cor- 
duplex,  ills.,  683* 
acting  pump,  667. 
cone  drum  lu>isting  engine^  796. 
cylikder,  engine,  Rumely,  ills.,  88L. 
hoisting  engines,  766,  767»  7QC,  774, 

#  #  w. 
traction  engine*  881. 
drum,  boom  swinging  hoisting  eagine, 

782,  Uls.,  783,  7847786. 
ecoentrics,  499,  517. 
frame  hammer,  ills.,.  816,  818* 
hoisting  engine,  Buyrus,  iHs.,  83S* 
"nigger"  en^ne,  iUs.,  69& 
reel  mine  hoist,  ills.,  797. 
seated  poppet  valve,  ills.,  678. 
steam  hammer,  814,  817. 
tandem,    quadruf^e    expansion    eagiiie, 
Uls.,  642. 

piston,  pump,  ills.,  660. 
plunger,  661,  662. 
Drag,  line  excavator,  833-'-838. 

scraper  booms,  steam  shovel,  830. 
Draw  bar,  traction  engine,  ills.,  899« 
Dredges,  843-858. 

dipper,  ills.,  843*  846,  847. 
elevator,  868. 

gold,  ills.,  868. 
ydraulic,  846-^866. 
placer,  ills.,  867. 
suction,  846. 
Dredging  pump,  846,  861,  864«» 
DrUl,  rock,  737-748. 

wagon,  ills.,  746-748. 
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Drivfl  chain,  concrete  fliizer»  ilia.,  869. 

Driviv  pile,  803-808. 

Drivig  mechanism,  pump,  fin  engine,  ills. 

950. 
Dropicut  oS,.  559. 

Ilmmers,  bctard,  820. 
Drun]  concrete  mixer,  862, 888,  867. 

bisting  engine,  766,  778. 
Dry,  bmpre^sor  process,  712. 

qck  pomping  engines,  ills.,  680. 
Dum^ng  blooc,  hoisting  engine,  766. 
Dunhnn  pump,  author's  design,  ills.,  683. 
DupU,  Corliss  hoist,  ills.,  798. 

amp,  683. 

tvottle,  steam  fire  engine,  ills.,  937. 
Dynaiic  head,  water,  648,  649. 

Is,  water,  ills.,  648. 


t    ! 


E 


EccenHc,  Corliss,  ills.,  477»  489. 

diible,  499,  502,  515. 

for  valve  engine,  iUs.,  560,  561,  566. 

oing  system  Corliss,  531,  532,  536. 

p|i,  air  compressor,  718. 

poitions,  ills*.  522. 

nkd  roller,,  ills.,  921. 

rdl,  adjusting,  519. 
,    Corliss,  ills.,  477,  489. 
fouf  valve  engine,  565. 

seting,  Corliss  engine.  512,  519,  521. 

sUfting,  reverse  gear,  ills.,  876;  882,  883. 

siigle,  Corliss,  ills.,  47,7,  498,  499,  507. 
£clips4  engine,  ills.,  876. 
Econonical  cut  off,  Corliss  engine,  466. 
Bconony,  steam,  603. 

tboretical,  expansion,  diag,  603. 
£fflux,water,  646. 
Blevatir,  gold,  Bucyrus,  ills.,  857. 

dndges,  858. 
End  ptiy,  Corliss  valVe,  544. 
Engine  see  Steam  engine. 
Entry  lead,  water,  pipes,  flow,  650. 
Equali:er,  pump,  676. 
Equalising  trucks,  steam  shovel,  ills.,  826. 
Ene,  9eam  hammer,  ills.,  812. 

roid  roller,  ills.,  918. 
Excavator,  ditching,  842.' 

dng  line,  833^836. 

tr<nch,  illsv  S^S-^l. 
Exhauit,  arm,  Corliss,  474,  488. 

brtcket,  ills.,  474. 

carrier  rod,  ills.,  502. 

chftst,  ills.,  469. 

cosipcund  engine,,  ills.,  610. 

ec<entric,  Corliss,  settuig,  519,  520. 

fin  engine,  943. 
variable,  943. 

fiaage,  ills.,  469. 

hook  rod,  ills.,  474.  . 

inlet,  ills.,  528. 

laA  valve  setting  table,  512. 

marine  engine,  uls.,  001. 


EathwiuMtt—ConUimud 

pipe,  864.  .  ■  '     * 

two-way  cock,  774. 
port,  ills.,  469,  592. 

relief,  traction  engine,  Huber,  ills.,  907. 
rod,  Corliss  engine,  def.,  478. 

adjustment  key,  too  long,  ills.,  554. 
section  throiigh,  504. 
steam  hammer,  ills.,  810,  816. 
■  ■'  travel,  four  valve  engine,  ills.,  566. 
triple  expansion  engine,  iUs.,  634. 
vahe,  bonnet,  ills.*  474,  488,  586. 
cage,  ills.,  58i5. 
Corltts,    ms.,    464,    469,    471-478, 

481,  498,  520. 
gear,  auxiliary.  Skinner  uniflow  en- 
gine, ilb.,  597. 
Corliss  turned  over,  ills..  653. 
poppet  valve  engine,  ills.,  586. 
.  rod,  iUs.,  474. 
stem,  alls*,  474. 
variable,  nre  engine,  943. 
wrist  plate,  ills.,  474,  502. 
Expanding  poppet  valve.  Skinner,  ills.,  600. 
Expansion,  compound,  607. 
continuous,  617. 
curve,  603. 
-economy  diag.,  603. 
free,  613,  617. 
quadruple,  ills.,  640,  641* 
triple,  633. 

pumping  engine,  681. 
with  drop,  612. 
;i^pansion  engities,  603-642,  681. 
compound,  607. 
direct,  ills.,  608. 
pumping,  681. 
quadruple,  640,  641. 
receiver,  607,  610. 
triple,  633,  681. 
Extended  furnace.  Buckeye-mobile,  ills.,  762. 


F 


Fairbanks  convertible  power  spud,  ills.,  846. 
Farquhar  traction  engme,  ills.,  751. 
Feed,  friction,  saw  mill,,  Russell,  ills.,  753. 

piunp>  traction  engine,  ills.,'  885,  930r 
905. 

water  heater,  traction  engine,  006. 
Fibrous  oacking,  pump  plunger,  660. 
Filer  .&Stowell,  Corliss  cylinder,  ills.,  552. 

uniflow  engine,  594. 

valve  gear,  ills.,  523,  524. 
Fire  engine(8),  927-950. 

Ahrens-Fox,  046-950. 

hoUer,  929,  930. 
feed,  941. 

care  and  management,  934. 

chassis,  ills.,  943. 
'  chum  valve,  943. 

classification,  927* 

cleaning,  947. 


VI 
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Flr«  •nvln«(s), — Continued 

Continental,  ills.,  928,  944. 

cooling  system.  Ahrens-Pox*  ills.*  947. 

exhaust,  variable,  943. 

equipment,  927. 

firing,  937. 

h«»8e  and  nozsles,  ills.,  933,  934,  935, 
936,  942. 

openition,  939. 

pumps,  iUs.,  931, 932, 933,  934, 947, 949, 
950. 

returned  to  quarters,  947. 

shutting  down,  945. 

strainer,  ills..  936. 

throttle,  duplex,  ills.,  937. 

valve,  ilk.,  934,  941.  943. 
blast,  steam,  ills.,  938. 

water  supply,  943. 
Flow,  water,  pipes,  650. 
Floating  steam  reversing  mar,  097. 
Flue,  Rumely  boiler,  ills.,  892. 
Fly  wheel  pump,  dls.,  905. 

.  horizontal,  677. 
Foot  brakes,  hoisting  engine,  des.,  782. 
Force  xmmp,  double  acting,  656«658« 

single  acting,  ills.,  655. 
Forging  hammer,  axle.  His.*  815. 
Four  cylinder,  engine,  hoisting,  ills.,  799. 

traction,  valves.  Port  Huron,  ills.,  878. 

triple  expansion,  ills.,  635. 
Four  gear  reverse,  hoisting  en^^ne,  ills.,  800. 
Four  valve,  non-releasing  engines,  659-574. 

cylinder  head,  ills.,  572,  673. 

differential  valve  movement,  ills.,  570. 

direct  cut  off,  563,  669. 

drop  cut  off,  559. 

Brimrott  ^n&lve,  Mcintosh  &  Seymour, 
ills.,  672. 

high  speed,  Porter-Allen,  ills.,  569. 

ridixig  cut  off,  567,  568,  572. 

rocking  valves,  663,  664,  667. 

sliding  valves,  569,  572. 

valve  gear,  ills.,  560,  561,  565,  566,  570, 
574. 
Four  wheel  equalizing  trucks,  steam  shovel, 

ms.,  826. 
Franklin-Corliss,  releasing  gear,  ills.,  497. 
Free  air,  de£.,  707. 
Frick  Corliss  dash  pot,  ills.*  495. 
Friction,  dutch,  traction  engine,  ills.,  893, 
894,  896. 

control,  loose  drum,  hoisting  engine,  ills., 
780  781. 

feed,  saw  mih,  Russell,  ills.,  753. 

gear  cone^  ills.,  787. 

steering,  Uls.,  902. 

head,  water,  pii>es,  flow,  650. 

levers,  hoisting  engine,  ills.,  785,  786. 
dutch,  hoisting  engine,  766. 

nutt   hoisting   engine,     767,   pin,     767. 
screw,  767.  wood,  767. 
Fuel  cost,  steam  power  plants,  768. 
Furnace,  extended,  construction,  ills.,  762. 

straw  burning  boiler,  890. 
Funowst  plowing  continuous,  diag.,  913* 


G 


Gas,  absolute  pressure*  law,  705. 
Gauge  and  absolute  pressure,  differace  be- 
tween, 707. 
Gear,  steering,  696. 

tandem  road  roller,  worm,  ills.,  921. 

traction   engine,   friction,    Hubei    ills.* 
902. 
hand  operation,  901. 

valve,  see  Valve  gear. 
Geiser  balanced  piston  valve,  ills.,  89. 

locomotive  type  boiler,  uls.,  891 

shifting  eccentric,  diag.,  883. 

steering  ^r,  ills.,  901. 
Gib,  engine,  ills.,  921. 
Gland,  pump,  ills.,  663,  664. 
Globe  type.   International  concrete  mixer, 

ills.,  873. 
Oold  dredge,  ills.,  858. 

devator,  ills.,  857. 
Grade,  eS^et  on  power,  diag.,  879. 
Graham,  oscillating  marine  engine,  diag.,  616. 

transfer:  expansion,  ills.,  687. 
Grand  charging  hopper,  ills.,  861. 
Graphite,  525,  539. 
Grate,  hoisting  engine,  ills.,  774. 
Grease  cup,  marine,  ills.,  538. 
Gridiron  valve,  572,  731. 
Gwynne  centrifugal  pump,  iUs.,  665, 666. 
Governor,  adjustment,  Corliss,  522. 

arm,  ills.,  491. 

cam  rod,  ills.^  487,  515. 

column,  Corliiss,  ills.,  476. 

crank,  479. 

dash  pot,  ins.,  476. 

drop  rod,  ills.,  476. 

knock  off  lever,  490. 

Lents,  ills.,  579,  580. 

locomobile^  764. 

Murray,  Corliss,  516. 

pulley,  Corliss,  ills.,  465,  476. 

reach  rod,  ills.,  477. 

rod,  Coriiss,  ills.,  464, 465, 474,  476, 477, 
490,  502. 

stand  support,  ills.,  476. 

throttling,  traction  engine,  Huber»  ills., 
907. 


H 


Half  moon  |(ear,  Corliss,  ills.,  487-^1. 
Hammer,  pile  driver,  ills.»  804,  807. 

steam,  809-820. 
Haxdscqg  drill,  ills.,  742. 
Harris-Ck>rliss  dash  pot,  iQs.»  493. 
Harrisbuig  road  roller,  ills.,  920. 
Harrison  friction  dutch,  traction  cngiae,  ins., 

894. 
Head,  block,  pile'driver,  ills.,  806. 

dynamic,  total,  649. 

water,  647-660. 
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VII 


Heat,  compression,  losses  due  to,  708,  709. 
Heater,  ftd  water.  Case,  ills.,  906. 

fire  6«ine,  ills.,  040,  942. 
Heating  t  cooling  air.  720. 
Hendrie  ^Bolthoff  hoists,  ills.,  789,  791,  796. 
High,  liftbooms,  steam  shovel,  832. 
pres^e,  air  compression,  706. 
speed  engine,  automatic,  ills.,  698,  699. 
gearills.,  481,  497. 
Hoisting  «igine(s),  765-802. 
boilef  Ills.,  773,  774. 
brak«  782,  785. 
capacty,  802. 
dasse,  771. 
cone,765. 

doubt  cylinder,  ills.,  769. 
cylinfar,  parts,  ills.,  778. 

jffin  City,  parts,  ills.,  768, 
derria  swinging  ropes,  766. 
diffenxtial  brakes,  766. 
dock  wheels,  766. 
doubk  Bucyrus,  ills.,  832. 
ci»e,  ills.,  796. 
cjlinder,  766,  767,  774,  779. 
drutni  778,  780,  781.  782, 783,  784,  786. 
dne,  796. 

faction  lever,  ills.,  786.. 
dumpng  block,  766. 
first  nation,  ills.,  789. 
fixed  <rum,  766. 
foot  bake,  766. 
/rictM,  control,  ills.,  780,  781. 
l«er(s),  ills.,  785. 
cktch,  766. 
nit,  767. 
ph,  767. 
seew,  767. 
wKxi,  767. 
loddnt  levers,  768. 
loose  *um,  768,  780,  781. 
main  Ijoist  rope,  def.,  768. 
mine,  Corliss,  duplex,  ills.,  798. 
d<uble  cone,  ills.,  796. 
fair  cylinder,  inclined,  ills.,  799. 
hiavy  duty,  ills.,  791. 
miting  system,  ills.,  794-795i 
parts,  765-771. 
power  transmission,  777. 
radial  nbs,  769. 
reel,  7*6. 

rocking  valve  tyi)e,  Buffalo,  ills.,  777. 
safety  attachment,  ills.,  785. 
skip,  7B9. 

shroud^d  ratchet  ring,  769. 
side  stinds,  769. 
single  iyiinder,  ills.,  779. 

geared  transmission,  ills.,  775. 
Holly  pumicing  engine,  ills.,  680. 
Hood,  hoisting  engine,  ills.,  774. 
Hook  end  device.  Filer  ft  Stowell,  ills.,  524. 
Hopper,  concrete  mixer,  869,  862. 
Horizontal,  aftercooler,  IngersoU-Rand,  ills., 
723. 
air  receiver,  ills.,  724. 
blowing  tub,  ills.,  780,  731. 


Horixontal, — Continued 

crowding  motion,  steam  shovel,  ills.,  824. 
hoisting  engine,  double  cylinder,  ills., 

pumping  engine,  Holly,  ills.,  677,  680. 
Horse  power,  boiler^  steam  hammer,  819. 

traction  engine,  various,  tubNM,  911. 
equal,  compoundcylinder  diameters,  619. 
hoisting  engine,  802. 
pump,  682,  684,  065. 
Hose,  fire  engine,  933-936. 

coupling,  942.  ^. 

Huber,  threshing  engine,  ills,,  915. 
traction  engine,  ills.,  886. 
boiler,  ills.,  888,  890. 
cross  head  |>ump,  ills.,  004.  . 
exhaust  relief,  ills.,  ^07% 
feed  water  heater,  illsr«  006. 
steering  gear,  902. 
valve  gear,  885. 
Hydraulic(s),  644-653. 
dredges,  846-866. 
thrust  cylinder,  iOs.,  801; 
Hydrodynamics,  646. 
Hydrostatics,  646.  ^ ,  -->-., 


I 
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Independent  steam  steering  gear,  ills.,  902,. 

Indicator  card.  Buckeye-mobile,  750. 
clearance  loss,  606. 
combined,  633,  636,  637,  639,  640. 
cut  off{s)^  typical,  617, 
varying,  624. 
diagram  factor,  618. 
e^al,  temperature,  614. 

work  614. 
expansion,  direct,  609. 
hoisting  engine,  ^3. 
locomotive,  638. 
marine  engine,  616,  617. 
receiver,  611,  612,  613. 
regulation,  622,  624,  625,  626,  628,  629, 

632. 
stationary  engine,  617. 
steam  distribution,  faulty,  641. 
unifiaw  engine,  593,  594,  595. 
condensing  cycle,  599. 
non-condensing  cycle,  598. 
Inertia  releasing  gear.  Bates- Corliss  engine, 

ills.,  480. 
IngersoU-Rand,  air  compressor.  Sis.,  716. 
aftercooler,  ills.,  723,  725. 
unloader.  ills.,  720. 
valves,  ills.,  709,  710. 
drill  wagon,  ills.,  747,  748. 
rock  dx^ls,  ills.,  740,  743, . 
In^^ersoll-Rog^er,  valve,  parts,  ills.,  713. 
Infection,  air  compression,  spray,  711. 
Injector,  traction  engine  boiler,  002. 
Inlet  valve,  air  compressor,  ills.,  700,  710* 


vai 
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lDtercxx>ler»  air  compressor.  712.  722. 
Intematioiial  concrete  mixer,  ills.,  872,  873. 
liitercepting  valve,  traction  engine  operation* 

881. 
Iroquoaa  tandem  road  roller,  ills.,  919. 
Itotiiennat  curve,  air  compression,  708»  717. 


•  Lofiging  engine,  ills^,  788,  780. 
Lucfficator,   Corliss  engine,   ills.,    £51-533, 
3S-66-40. 


J 


Jade  lAif «  booiM;  steam  shovel,  830. 
jacketed  compressor  process,  712. 
Jet,  height  of,  650. 

condenser,  Wheeler,  ills.,  528. 

condensing,  Corliss  engine,  529',  580. 
Jig,  valva  selit,  pump,  ills.,  664. 
Joiamal,'  Corliss  ehgme,  grooving,  ills.»  548. 


K 


KeOy-Spriiigfield  load  roller,  gear,  iHs.,  925, 

926. 
KHgore  steam  shovel,  ills.,  828. 
King  pin,  road  roller,  919, 921. 
Ktiodn,  Corliss  encpne.  540,  549. 
*^~~*— *  marine  osaUatang  engtne»  ills.,  691. 


LakBWOod  concrete  mixer,  ills.,  870. 

automatic  tank,  ills.,  865. 

diaiging  hopper,  ills.^  861. 
Lane  ft  Booby  steam  engme,  iUs.,  562. 
T«aiwing  mixing  drum,  concrete  mixer,  ills., 

863. 
Lean  mixture,  concrete,  868. 
Leakage,  pump  valve,  causes,  671. 
Leffel  eteam  engin^  749,  750,  754. 
Left  hand  engine,  iluk,  626. 
Lents  en^ne*  and  parts,  ills.,  576-580. 
Lever,  hoisting  engme,  ills.,  768,  785,  786. 

hydraulic  dr  edja^  arrangement,  ills.,  856. 
Lejmer-Ingersoll  drill  and  parts.  iUs.,  739, 

.741,  74d»  744. 
Lidgerwood,  brake,  ills.,  785. 

levers.  785,  786. 

pile  driver  crcyportions,  taUe,  807. 
Lift,  650,  651,  653. 

pump,  ooostruction,  iUs.,  653-654. 
^ .     valve,  pump,  ills.,  670. 
Lmk  motion,  Allen,  ills.>  334,  335. 
Locking  levers,  hoisting  engine,  768. 
Locomobiles,  755-764. 
Locomotive^  compound,  diagram,  638. 

pile  driver,  ills.,  806. 

road,  compotmd,  iUs.,  923. 

iype^  boikirs,  ilUu,  891,  911. 
reverse  gear,  ills.,  888. 


I 


Mcintosh  ft  Sejrmour  engine,  iUs.  471-573. 
Marine  engine,  cut  off,  ills.,  617* 

grease  cup,  ills;,  688.  . 

oscUkUmg^  Kriebel,  ills.,  691. 

oombmed  diagrams,  Grsbam,  616. 
Marine,  pile  driver,  Mundy,  ifis,  805. 

steam  reversing  gear,  ills.,  6G^»  ' 
Marion  dredges,  ills.,  645,  858. 
MarshpCapron  concrete  mtxets,  fls.,  <)60. 
Marsh  ieverse^  gear,  Advanoe-Runely  txao 

tion  engine,  ills.,  88C. 
Marshall  radial  valve  gear,  tractzm  engine, 

ills.,  884. 
Maximum  density,  water,  647. 

discharge    pressure,    hydrauLc   dredge, 

Miles  charging  hopper,  concrete  nixer,  Uk^ 

MiU,  saw,  friction  feed,  ills.^  753. 
Milwaukee  concrete  mixer,  ills.,  S66. 
Mine,  hoisting  empnes,  ills.,  791-799. 

jmmp,  ills.,  675,  676. 
Mixmg  drum,  concrete  mixer,  iOa.,  862,  863, 

867. 
Moncky,  pile  drivers,  804,  807. 
Moni^han  drag  line  excavators,  iUs.,  834-837. 
Moms  centrifugal  immpins[  engines,  ills.,  680. 
Multi-stage  expansion  engine  &),  603-642. 
clearance,  606. 
combined  diagram^  682. 

Graham  oecitiating  engine,  616. 
condensation,  604. 
eompoundf  607. 
cut  offs,  617. 
cylinder  ratio,  615. 
diagram  factor.  618. 
kKMnotive,  in<ucator  diagrams,  638. 
osciOatin^.  the  author's,  diag.,  616 
receiver,  ills.,  610,  611. 
tandem,  ills.,  630. 
variable  load,  621. 
cross  compound  engine,  iDs.,  630. 
direct  expansion  engine,  iUs.,  607-616. 
exp^Msion,  economy,  due  to,  diag.,  603. 

with  drop,  612. 
non-condensing  combined,    diag.,   632, 

633. 
tuadrupU  sponsion,  indicator  diagram, 
640. 
tandem  arrangement,  iUs.,  642. 
receiver  compound  engine,  ills.,  610, 611* 
regulation  by  tfarotthng,  029* 
tandem  compound,  flk.,  680. 

triple  expanston^  engines,  683. 
ind«»tor  cafds,  636»  687« 
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IX 


t 


Multi-* 


639. 


slon  •|»cin«(s)t  tripl* 

'OftlflMMtf. 

cylinder,  ills.,  635. 
ingf   indicator  diagram, 
cyjinder,  ills.,  634. 
al,  du«.^  636,  639. 
ne  pile  drtver,  ills.,  805. 
ii^  dash  pot,  ills.,  494. 
8ove4[>rs,  ills.,  516. 
xx)]lin|niijl  frame,  ills.,  507. 
MtttlmxMi  vahre,  blowing  engine,  730. 


Mundy 
Murray 


N 


Nattonalioistmg  engine  and  parts,  ills.,  767, 
'    770,  TO,  787. 
pile  ^ver,  uls.,  804. 
Newcomers  pumpittg  engine,  644. 
Nichols  atl  Shepard  single  cylinder  engine, 

ills.,  887. 
Nkger  enlne,  iUs.,  692,  608. 
NuM-B^tot-Pond   steam  hammer,   parts, 

.     ills.,  816. 
NoQ-releflEDg  four-vahre  engines,  ills.,  S69- 

674. 
Noffaom  VdiAulic  dredges  and  i)arts,  ills., 

84&-850,  854.  866. 
l^otdbetgfioisting  engine,  ills.,  792, 79»-801. 


ddicator  card,  793. 
poppi  vi 


^  ___  ^  valve  en^e  and  parts,  686-690. 

pum^Dg  exi^pne  mdicator  cards,  638-640. 
Northwest  traction  engine  gearing,  ills.,  896. 
Nossl^  dliensions,  fire  hose,  983. 
Nugent  Qmk  pin  oiler,  ills.,  633. 


0 


Orange  p^  grab,  hoisting  engine,  def .,  768. 

Oir  and  Embower  hoisting  engine,  ills.,  766. 

Oscillatini  engine,  the  authors  transfer  ex- 

X>ansion,  ills.t  687. 

dtagnm,  the  author's  compound,  616. 

Krield,   691. 

mariie,  690. 

niggil:  type,  692. 
Outboard  b^rixig,  lubrication,  ills.,  635« 
Oval  rdeising  gear,  ills.,  488-489,  491. 


P 


Paddng,  piston  rod,  525. 

pum^  plunger,  660-662. 

valvt  stem,  im>per,  525. 
Parker  pfmtoon  pipe  coupling,  ills.,  855. 
Parsons,  ditching  machine,  iUs.,  841 

tren^  excavator,  iUs.,  840. 
Pascal  law,  ills.,  651. 


Performance  curve.  Buckeye-mobile,  757. 

Corliss  engine,  584. 

poppet  vawe  engine,  584. 
Phoenix  lubricating  system,  ills.,  532. 
Pile,  sinking,  factots,  804. 

spoil,  hydraulic  dredge,  lUs.,  853. 
Pile  driver(s),  803-808. 

boom  fitting,  ills.,  807. 

derrick,  construction,  803. 

hammer,  804,  807. 

head  block,  ills.,  806. 

land,  iUs.,  803,  804. 

locomotive,  Bucyrus,  ills..  806. 

marine,  Mundy,  ills.,  805. 

monkey,  weight,  804,  807. 

proportions,  table,  807, 

pulley  bracket,  ills.,  807. 
Pipo^)/  coupling,   pontoon.  His.,  855. 

delivery,  hydraulic  dredge,  852. 

flow  of  water  in,  650. 

heater,  steam  fire  engine,  ills.,  940. 

Une  dredge,  854. 

suction,  hydraulic  dredge,  847,  849,  853* 
Piston,  alignment  testing,  iOs.,  549. 

built  up,  ills.,  470. 

bull  rings,  543,  547. 

construction,  iUs.,  543. 

Corliss  engine,  alignment,  testing,  iUs^ 
549. 
worn,  effect,  ills.,  547. 

double  acting,  water  end,  ills.,  660. 

engine,  ills.,  701,  703. 

hammer,  of  drill,  iHs.,  745. 

hoisting  engine,  ills.,  777. 

hollow,  ills.,  689. 

leakage,  pump,  causes,  671. 

loose,  CcMrliss  engine,  effect,  545. 

nut,  ills.,  470. 

out  of  center,  547. 

pacldng  rings,  iUs.,  470, 543»  547. 

plugs,  lUs.^  469. 

plunger,  difference  between*  657. 

position.  547. 

pump,  fire  engine,  driving  merhanism* 
iMs.,  9«,  950. 

rod,  packing,  proper,  54^5. 

speed,  blowing  engine,  usual,  730. 

spider.  543. 

aoUd,  ills.,  469,  470. 

square  piston  engine,  ills.,  702. 

valve,  ms.,  594,  879. 

worn,   547. 
Placer  dredge,  Bucyrus,  types,  ills.,  857. 
Plowing  continuous  furrows,  913. 
Plunger,  pump,  ills.,  656-662. 
Pontoon  pipe  coupling,  Parker,  iUs.,  855. 
Poppet  valve  engine(s).  575-690. 

cylinder,  Vilter,  ills.,  583,  584. 

eccentric,  ills.,  579. 

governor,  579,  580. 

Nordberg,  ills.,  587-590. 

performance  curve,  584. 

steam  consumption,  582. 

valve  gear,  ills.,  578,  579. 

valves,  575-590,  600,  602. 
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Port  Huron  traction  engine,  boiler  tubes*  ills. 
891* 
differential  gear,  ills.  898. 
valveg  778. 
gear,  885. 
Portable  drill  wagon,  ills.,  746. 
engines,  749-764. 
pile  driver,  ills.,  804. 
Porter-Allen  high  speed  engine,  one  valve, 

ills.,  569,  670. 
Post  brakes,  mining  engine,  def.,  769. 
Powell  oiling  devices,  ills.,  636. 
Power,  compressive.  load  rollers,  924. 
plants,  steam,  fuel  costs,  758. 
speed,  ills.,  846. 

transmission,  hoisting  eiigine,  777. 
unU,  fire  engine,  ills.,  946. 
concrete  mixer,  869. 
Pressure,  absolute,  gas,  low,  705. 
air  compxession,  706. 
boiling  point,  651 . 
gas,  705. 

gauge  and  absolute,  707. 
hydraulic  dredge,  852. 
liquid,  ills.,  651. 
reversal,  Corliss  engine,  541. 
water,  648, 652. 
Priminff,  centrifugal  pump,  665. 

vaivesy  fire  engine.  943. 
ProvfdaDce  Corliss,  cyfinder,  ills.,  485. 

valves,  ills.»  472. 
Pulley  fittmg|  pile  driver,  ills.,  807. 
Pumping  engme(s),  643-687. 
capacity.  681. 
ceiUrifugal,  ills.,  665. 
.  installing,  68a 
turbine,  668,  669. 
classification,  658. 
compptmdi^  ills.,  678,  679. 
Cornish  mme,  675. 
direct  acting,  676. 

connected,  ills.,  680. 
dredger,  ills.,  851. 
Dtmham  power  pump,  author's  design, 

683. 
horse  power,  682. 
lift,  649. 
lift  puinps,  653. 
mine,  675. 
operation,  659. 
quadruple  expansion,   combined   cards, 

diag.,  640. 
reciprocating,  660. 
rotary,  664. 
slip,  670. 
speed,  658. 

triple  expansion,  639*  681. 
turbine,  ills.,  660. 
volute,  ills.,  668. 
water  end,  660. 


Quarter  crank  blowing  engine,  73* 


R 


Q 


Quadruple  expansion  engines,  ills.,  640-642. 


Radial,  derrick,  base,  ills.,  784. 

ribs,  hoisting  engine,  769,  78. 

valve  gear,  traction  engine,  iUs.,  884, 
885. 
Railroad  steam  shovel,  ills.,  831. 
Rand  air,  compressor  cylinder,  ill.,  719. 
Ransome  concrete  mixers,  ills.,  fiS8,  871. 
Ratchet  partst  water  drill,  iUs.,  '^« 
Receiver,  air  horizontal,  ills.,  724 

compotmd  engine,  ills..  610-05. 
Reciprocating,  column  rock  drill, ills.,  742. 

pumps,  660. 
Reel  hoisting  engines,  796. 
Rees  capstan  engine,  ills.,  698. 
ReeveSf  traction  engine,  ills.,  877. 

interesting  valve,  ills.,  880b 
Reheater,  Buckeye-mobile,  ills.,  S8. 

locomobile,  761. 
Relay  pump,  ]iydraulic  dredge,  8J2. 
Releasing  gear,  483. 

ciab  daw,  ills.,  483,  484. 

half  moon,  487,  490. 

high  sp^,  ills..  481,  497. 

inertia,  ills..  480. 

oval  arm,  ills.,  488,  491. 

parts,  ills.,  476. 
.Relief  yalve,  steam  fire  engine,  94L. 
Reverse  rod,  engine,  road  roller,  ils.,  921. 
Reversing  gear,  696. 

action,  700. 

link  motion,  steam  reverse,  lis.,  697. 
traetion  engbe,  ills.,  887  888. 

marine,  steam  teveise,  ills.,  697. 

radial,  885,  886. 

ahifting  eccentric  traction  enzine,  ills., 
882,  887. 

traction  engine,  881-^3,  88:,  888. 
Reversing  traction  engi^ie,  914. 
Revolvizis  shovel,  Bucyrus,  ills.,  831. 
Rice  &  Sargent,  ^Corli'^s  engine,  bed,  cross 
section,  ills.,  645. 

dash  pots,  ills.,  492. 

exhaust,  valve  ^pMir,  ills.,  556. 

inlet  valve,  position,  extreme  ills.,  514. 

'  main'  bearing^  ills.,  534. 

steam  bonnet,  ills.,  486. 
Rich  mixture,  concrete,  proportions,  868. 
Riding  cut  off,  air  compressor,  ils.,  718. 

four  valve,  engtne*  ills.,  568. 
Rites,  radiaU  loose  dnim,  781. 
Road  rollers,  917-926. 

proportions,  926. 

tandem.  917--919. 

three  wheel*  920-026. 
Rock  drills.  737-748. 

butterfly,, ills.,  739,  743,  744. 

reciprocating  column,  ills.,  742. 

stoping.  ills.,  745. 

water,  uls.,  743. 
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Ive,  direct  cut  off»  563. 
ider  head,  664. 
cut  off,  ills..  667-560. 
_  live  ennne»  ills.*  702,  704. 
foulvalve,  iris«9  664* 
Roller,  Mt  017-026. 
Rotting  Mil  frame,  CorliM  engine,  ills.,  506, 

507. 
Rotary  timp,  664. 

Rumelyraction  engine,  ills.,  881,  000. 
bedfills.,  000. 

boi(  construction  details,  ills.,  802. 
conAves,  ills.,  012. 
linltnotion  reverse,  ills.,  888. 
coojruction  details,  ills.,  880. 
Rnnninj)ver  and  under,  Corliss  engine,  526. 
Russelltoad  locomotive,  ills.,  023. 
sa^ill  friction  feed,  ills.,  763. 
tnulon  engine  reverse  gear,  ills.,  882. 


S 


ills.. 


miU 


Saw 

Second 

Sector, 


Saddle,  |indem  road  sx>ller,«de8.,  010. 
Safety,   (ttachment,  hoisting   engine, 
785. 
Isteam  hammer,  Erie,  ills.,  812. 
kn^nes,  751.^ 
>tion  hoist,  ills.,  701. 
iering  gear,  road  rotter,  iUs.,  021. 
8elf-c«it|ing,  mechanism,  steam   hammer, 
810-813. 
revese  gear,  ills.,  607. 
Self-onta^ed    pumping    unit,    fire    engine, 

ills.,  031. 
Self'propQled  fire  engine,  ills.,  446. 
Semi-pontble,  engines,  740-754. 

moulting,  steam  shovel,  ills.,  826. 
Setting,  tp  steam  hammer,  817« 

▼alv^,  see  Valve  setting. 
Sewer  triich  booms,  steam  shovel,  def.,  828 
Shell  anqwater  tube  boiler,  ills.,  020. 
Shifting  eccentric,    traction    engine,    diag. 

883. 
Shovel,  steam,  see  Steam  shovel. 
Siamese  lose  connection,  fixe  engine,  ill^., 

036. 
Side  stands,  hoisting  engine,  760. 
Sight  feed  lubricator,  ills.,  530. 
Sinsde,  ading,  engine,  two  cylinder.  Acme, 
ills.,  688-600. 
fumps,, 653-657,  662. 
cylimer  engine,  traction,  iUs.,  887. 
hois^,  ills.,  775,  770. 
stage  air  compressor,  ills.,  707,  711. 
marine    engine,    theoretical    diagrams, 

diaff.,  616. 
sucticm  standard  volute  pump,  ills.,  668. 
Sinking  ^iles,  factors,  804. 
Siphon,  vater,  elementary,  types,  ills.,  647. 
Six    shoe  friction   clutch,    traction    engine, 

ills.,  804. 
Sldd,  semi-portable  engine,  751. 
Skidding  or  logging  engine,  780-701. 


Skinner    uniflow    engine    construction    and 

operation,  ills.,  507-602. 
Skip,  hoisting  engine,  760. 
"Slamming,    pump  valve,  causes,  664. 
Slide  valve,  oefects,  ills.,  468. 

sUam,  engine*  number  required,  580. 
fire  engine,  ills.,  034. 
Sliding  valves^  direct  cut  off  engines,  ills.* ' 

non-releasing  engine,  ills.,  572-574. 
Slip  of  pump,  causes,  670,  671. 
Sluing  drums,  hoisting  engine,  771. 
Smith  concrete  mixer,  ills.^  866. 
Smoke  box.  Buckeye-mobile,  ills.,  758. 
Snaking  and  loading  machine,  hoisting  en- 

^e,  771. 
Southern  rocking  valve  engine,  ills.,  704. 
Southwark,  blowing  engines,  ills.,  733,  735. 
cylinder  head,  itts.,  732. 
horizontal  "blowing  tub,"  ills.,  730,  731. 
Spark  arrester,  traction  engine.  Port  Huron. 

ills.,  010. 
Special  engine(s),  687-704. 
nigger,  ills.,  602,  608. 
osculating,  600-603. 

Graham    transfer   expansion,    ills., 
687. 
rocking  valve,  702. 
steam  reversing  gear,  606. 
square  piston,  700-703. 
steering,  603-606. 

two  cylinder  single  acting^  ills.,  688,  680. 
Spoil  pile,  Bucyrus  hydraulic  dredge,  ills., 

853. 
Spray  injection,   air   compressor,   711. 
Spring,  dash  pot,  itts.,  402. 

mounting,  traction  engine  boiler,  ills., 
802. 
Spuds,  hydraulic  dredge,  846,  847. 
Square  piston  engine,  ills.,  700-703. 
Stationary  engine,  cut  off,  ills.,  617. 
Static  head,  water,  648. 

lift,  water,  itts..  648. 
Stationary  heater,  Continental,  iUs.,  042. 
Stay,  Rumely  boder,  ills.,  802. 
Steam  distribution*  drop,  cut  off,  550. 
faulty,  indicator,  541. 
hoistizig  engine,  800. 
Steam  end,  air  comx>ressor,  ills.,  715. 

blowing  engine,  732. 
Steam  engme,  bearings,   Corliss,   537,   538, 
642 
blowing,ills.,'  720-736. 
Buckeye-mobile,  assembled,  ills.,  756- 

763. 
capstan,  Rees,  ills.,  608. 
compound f  607-642. 
traction,  880. 
condensation,  604. 
condenser.  Watt's,  755. 
condensing,  ills.,  634,  635. 

Corliss,  stoi>ping,  556-^558. 
Corliss,  see  Corliss  engines, 
crowding,  ills.,  828. 
cut  off,  see  Cut  off. 
cutter,  hydraulic  dredge,  ills.,  850. 
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cylinder*  see  Cylinders. 
dalOi  pot (s),  ills.,  491-494. 
rod,  612,  519,  555. 
disc,  iHs.,  703. 
eccentric,  see  Eccentric, 
efficiency,  conditions  for,  463,  466,  468. 
examination,  Corliss,  525-527. 
exhaust,  see  Exhaust, 
expansioni  603-642,  681. 
tte,  ffiee  Pire  enttine. 

four  valve,  see  Four  Valve  non-releasii|g. 
gear,  see  Valve  gear. 

K>vcmor,  see  GovemMs. 
gk speedtiOs.9  099. 

$ear,i]Is.,  481,  497. 
hoistmg,  see  Hoistin^t  engines, 
horse  power,  boiler,  stes^  hammer,  819. 

boiler  traction  engine,  tubes,  911. 

equal,  cylinder  diameters,  619. 

hoisting  engine,  802. 

pumping  engine,  682,  684,  685. 
indicator  card,  see  Indicator  caxd. 
knocks,  Corliss,  causes,  540-543.    . 
leaks,  Corliss,  causes,  534. 
left  hand,  ills.,  526. 
looomobiiies,  755-764. 
locomotive^  diagram,  638. 

pile  driver,  ills.,  806. 

road,  ills.,  923. 

type  boiler,  ills.,  891,  911. 
k>sging,  ills.,  788,  789. 
lubncation,  Corliss,  ills.,  531-533»  535- 

540. 
main  bearing,  Corliss.  iUs.,  534,  542. 
marine»  grease  cup,  iUs.,  538. 

osciUating,  author's,  compound*  diag., 
616. 

transfer  expansion,  687 
Kriebel,  691. 

reversing  gear,,  ills.,  697. 

pile  driver;  ills.,  805. 
mine,  hoisting,  ills^  791-799. 
pump,  ills.,  675-676. 
muUt-stage  expansion^  603-642,  681. 

compound,  607. 

quadruple,  640,  641. 

triple,  633.  681. 
non-releasmg,  four  valve,  iUs.,  559-574. 
oiling,  Corins,  ills.,  531-533,  535-540. 
<^maHng9  690-692. 

Graham,  two  cylinder,  dia?.,  616. 
transfer  expansion,  687. 
poppet  valve,  575-590. 
portable  and  semi-portable,  iUs.,  749-754. 
pumping,  643-686. 
quadruple  expansion,  iUs.,  640-642. 
releasing  gear,  see  Releasing  gear, 
road  roUer,  917-926. 
rolhng  mill  type,  Vilter,  Corliss,  ills.,  501. 
running  over  and  running  under,  526. 
semi-portable,  ills.,  749-754. 
shovels,  821-832. 
single  acting,  688-690. 
d^ding,  ilk.,  788. 
•peed,  Corliss,  494-498. 


square  piston,  .700-703. 
starting,  CoilisB,  587-529. 
steam^haoaiAf  CoriiBB,  ills., 48<. 

rod,  Corlua,  478. 
steering,  illsy  693-696. 
.   swingiog*  BucyruB,  IUs.,  82^.  -   • 
thrust  cylinder,  ills.,  800,  801. 
triple expansion^diuf*,  ^7.''  > 
Steam  haiimier(a),  S09-«t0.  -^ 
axle  forging,  ills.,  815. 
.  board  drop,.S20. 
boiler  capacity,  814. 
capacity^  813,  £19. 
double^  814*  815,  817, 818. 
operjktion,  809. 
smg]e,814»816,817. 
standard  guide,  iUs.,  817. 
..    va/M(5),  gear,  £11-813. 

setting,  817. 
Steam  hoisters,  765-802. 
Steam  shovels,  821-881. 
booms,  828,  830,  883. 
crowding  motion,  iUs.,  824,  828  829. 
mounting,  ills.,  826. 
pr]finff  mraoo,  ills., '82& 
..    swinguiff,  ills.,  828.   . 

swivel  mpper  arm,  ills.,  £25. 
trade,  828. 

swing  type  track,  827. 
various  types,  ills..  823,  829,  880,  831. 
Sted  boom,  Bucyrus,  ills.,  827. 
Steering  engine,  ills.,  698-696;  .. 
gear,  road  roller,  des.,  921, 925. 
traction  enjgines, 000^«003£f IS; 
Stiff  jAg  derricj^  hoisttna  engine,  771. 
Stoping  driU,  Denver,  Waush,  uls.,  745. 
"Straight  Une"  riding  cut  on  air  ooopresaor, 

ills.,  718. 
Strainer  fire  engine,  ills.,  036. 
Straw  burning  boiler,  ills.,  888,  800. 
Streams,  fire,  table,  035. 
Street  Bros,  hoisting  engme,  iUs.,  760. 
Street  paving  concrete  mixer,  Rsincme^  iUs., 

871. 
Stuffing  box,  Lenta  engine,  ills.,  577. 

|>ump,  66^*^^64. 
Suctton«  dredger,  des.,  846-858. 

pump,  volute,  standard,  iUs.,  668. 
Sullivan,  air  compreasoTf  single   stsge,  iUs., 
707,  711. 
intercooler,  tube,  ills.,  722. 
riding  cut  off,  ills.,  718. 
two  stage,  iUs.,  715. 
Superh^ter,  Buckeye-mobile,  ills.,  758,  761. 

traction  engine,  iUs.,  890. 
Swinging  and  crowding  engines,  ills.,  828. 


T 


Table,  air  compressor,  work  lost,  726. 
fire  engine,  capacity,  929. 
fire  stream"   effective,  935. 
hoisting  engine  propdrtions,  774. 
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Tandem  »»]  ntUer,  617-021. 
Twlc,  eotmus  mi»r,  Uli.,  S63.  S6S. 
TuBpatin,  chut,   BudaayB-mobile,  illi., 
■      701. 
au,  bwhitc,  70S. 
mw  effect,  e47,  OSl. 
Tnaitum  denthy,  MT. 
tbeottictl  Uft.  Tuiooi,  613. 
— ""  ~«ucttr>  pump,  081. 
Ewnmy  oue  to  eqieiiiifni,  dug.,  603. 
boripiyinT,  water,  983, 686. 
lift,  tater,  nnoue  tempentun^  table, 
663. 
Thew  tUta  eboval  coDrtnictian.  B24,  S2S, 

SZQ. 
Tbrec  crbder  tripla  txpiuion  eocine,  illi.. 

■tananmniKir,  illi.,  716. 
•rhedrollei,  HarrubuiB.  iUi.,  920,  B21. 
Thmliiiiiiutfiti,  illL,  9U,  e  tft. 
TtuvtUeTbck  dnliTmt..  73S. 

fire  egine.  ills.,  937. 
ThrotUiiii  compaund  ensme,  630-633. 

govenor,  traction  •tupne,  Hubei.  ill*.. 
I     907.           ^^ 
ThruM  cylnder,  iUi.,  800,  801. 
~'"' —  "'rjni,  concrete  mxtr.  ilia..  866. 
bbwing  engiiie  valvei,  732. 
DFeli7ill9.7^, "" 
-^-■M(s).  875-1 

b(^  ais.,  886,  88S-S93,  9ll. 
engim  bed,  ilia.,  689,  006. 

inMe  cyHnder,  UH.,  877,  980,  614. 

fiui  cylinder,  v»l«.  ilU..  878. 
ing,  diflerec 


sanng,  diflen 
^tint",  ills., 
•tigle  cybndec. 


ill!.,  865-900. 

iylmdei',  0^.',  876,  887. 

Oa],  ill*.,  90S. 


interceptiBB,  ills.,  880. 
/Md,  leaten,  9IK-^7. 

jump,  ilia.,  886.  603-906. 
frictun  dutch,  ilis.,  603,  866. 
■Eeolt^  BMn,  ills.,  900-903. 

tbndiiig,  ilia..  9  IS. 


tting  Curtis,  884. 
iflait,  eccentric,  i 

8%. 

link,, int..  887. 


Tube> 

Twin.,p  a. 

788,774;        "  "        ' 

Two  cylindeT  ensine,  comfantd,  40T-t33. 

hi^h  speed,  ill^%8. 
hontiog,  ilia..  776.  TT9. 
marine,  diagrun,  616. 

"niggn"  WC  oacillating  caiaUn,  ilk. 

single  actinc.  illa»  080. 


Uniflow  crlinder.  Baku  tnction  «igine>  ills., 

608. 
Uniflow  en^ina(9^,  691-602. 

admission  gear,  ills..  601. 

cylinder,  illi.,  663,  GM,  507,  668,  666. 

iodicatoT  cuda,  603,  604,  505,  508,  S69. 

relieved  compresuon,  ills.,  503,  603. 

variable  deerance,  ilia..  605.  500. 


mive,  adiustins.  601. 

automatic  by  pass,  ills.,  GOO. 

auiiUary,  lUs..  BOO. 

gsBTuhauBt,  ills.,  667. 

piston,  ills.,  S04. 

poppet,  ills.,  600,  S03. 
Unit,  power,  concrete  miier,  869. 

pumping,  fire  engioe,  Ahrens-Foj 

Unloadar,  IngersoU-Rsnd,  ills.,  730. 


Vacuum,  cbamber,  pump,  use,  673,  674. 

dust  pot,  ills.,  403. 
Valve,  adjusting.  uniSow,  ills.,  601. 

automatic  By  pass,  unifloWjjlls.,  506, 
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Corliss,  exhaust,  ills.,  467,  471, 473,  473, 
475. 
inlet,  ills.,  472. 
ittude  admission,  ills*,  482. 
knocks,  543f  644. 
outside  admtssion,  ills.,  482. 
setting,  475,  509-513,  515,  518,  519, 
522.  523,  567. 

double  eccentrie  settizuu  515. 
sinsle,  eccentric  setting,  507. 
steam,  lUs.,  471,  472,  473, 475,  482. 
differential  movement,  ills.,  570. 
direct  lift,  ilb.,  710. 
dischaxKe,  air  compressor,  ills.,  710. 
driU,  ills.,  738,  739,  740,  744. 
exhausum^.,  467, 471, 472, 473, 475, 408, 

poppet,  ills.,  586. 
fire  engme,  928,  941,  948. 
lour  valve  non-releasing  engine,   560- 

574. 
gear,  air  comjiressor,  715,  718. 
Corliss,  464. 

airt  Corliss  type,  driving,  ills., 
718. 
admissiou,  ills.,  601. 

crab  daw,  ills.,  483,  554. 

double  eccentric,  ills.,  502. 

inlet,  ills.,  514. 

parts,  Uls.,  474. 

releasing,  ills.,  476,  482,  483, 

487>491,  496,  497,  523. 
single  eccentric,  iUs.,  477. 
crab  claw,  483,  554. 
double. eccentric  ills.,  500,  501,  502. 
exhaustf  Corliss,  ills.,  556. 

umflow,  ills.,  597. 
inlet  Corliss,  ills.,  514. 
Meyer,  ills.,  715. 
non-releasing,  ills.,  560,  661,  605, 

567. 
poppet,  575. 
*    operation,  581. 

shifting  eccentric,  ills.,  579. 
releasing,  Corliss,  476,  482, 483, 487- 
491.  496,  497,  523. 
hall  moon,  ills.,  487. 
high  speed,  ills.,  481,  496,  497. 
inertia,  ills.,  480. 
oval  arm,  ills.,  488,  490,  491. 
reverse,  characteristic,  881. 
shifting  eccentric,^  pom>et,  ills.,  579. 

traction  engine,  ills.,  876. 
single  eccentric,  ills.,  499,  500. 
steam,  Corliss,  ills.,  479. 
traction  engine,  Marehall,  884,  886. 
rotating  eccentric,  ills.,  883. 
Woolf,  886. 
uniflow  engine,  exhaust,  ills.,  597. 
gridrion,  572,  731. 
inlet,  air  compressor,  709,  710. 
btewing  engine,  729,  731,  732, 
,   Corliss,  ills.,  472. 
intercepting,  traction  engine,  ills.,  880. 
knocks,  Corliss,  543,  546. 
leakage,  pump,  causes,  671. 
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leather  flap  blowing  engine,  7:0. 
lift,  pump,  ills.,  670. 
metal,  pump,  iUs.,  671. 
nmriiroom,  blowing  engine,  7d0. 
non-releasinfr  engine,  ilu.,  550-563. 
outlet,  blowing  engine,  720,  721,  732. 
^ftw,  traction  engine,  Geiser,iOi.,  879 

unifiow,  iUs.,  594. 
poppet,  575. 

construction,  ills.,  582. 

double  seat,  ills.,  577,  57£. 

exhaust,  ills.,  586. 

operation,  581. 
pump,  660-664,  670,  671. 
relief,  fire  engine,  941. 
removing,  method,  ills.,  573. 
rock  drin,  ills.,  738, 739,  740,  '<44. 
rocking,  563,  704. 

seat,  grooving,  effects,  545,  6Q,  664. 
settmg,  Corlus,.  475,  509-513, 515,  518- 

523,  567. 
slide,  defects,  ills.,  468. 

drill,  ills.,  738. 

fire  engine,  928,  934. 
sliding,  direct  cut  off,  569,  58(. 
steam,  Corliss,  ills.,  471,  472,473,  475, 
482. 

hammer,  setting,  directicos,  817. 
stem,  packing,  525. 
squaring,  510,  518. 
timing,  blowing  en^e,  air  em,  732. 
unifiow  engine,  ad^sting.  dOL 

automatic  by  pass,  ills.,  i06. 

auxiliary,  ills.,  600. 

piston,  ills.,  694. 

poppet,  ills.,  600,  602. 
wire  drawing,  478. 
Variable,  angular  advance,  572. 

cut  off,  multi-stage  expansion  engines, 

regulation,  diag.,  62j. 
exhaust,  fire  engine,  043. 
load,  multi-stage  expansion  engines,  621. 
Velocity  load,  water,  650. 
Vertical,  aftercooler,  ills.,  725. 

compound  blowing  engine,  iUs.,  734. 
power  sr^ed,  ills.,  846. 
turtune  pump,  ills.,  660 
Victor,  steam  shovel,  ills.,  830. 

dipper  dredge,  ills.,  847. 
'\^ter  Corliss  engine,  heavy  duty,  ills.,  505. 
c^'Hnders,  ills.,  467. 
piston,  parts,  ills.,  543-546. 
poppet  valve  cylinder,  ills.,  5S3r-584. 
rolling  mill  type,  ills.,  501. 
simple  girder  xiame,  iUs.,  557,  558. 
valve  gear,  parts,  ills.,  479,  500. 
Volume,  gas,  705,  708. 
Volute  centnftigal  pump,  667,  668. 


W 


Wagon,  driU,  ills.,  746-748. 
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I   Walking  dxk  line  excavator,  ills.,  836-837. 
'   Waste,  vteih  engine,  755. 
!   Water,  balAce,  Uls.,  649. 

charac  ristics  of,  646. 

drill,  i]  .,  743. 

dynam  ,  head,  total,  649. 
lif  ills.,  648,  649. 

efflux,  {(6. 

end,  pimp,  660,  670,  674,  682,  684. 

flow,  tttier  pressure,  ills.,  646. 

force  of  646. 

head,  q7,  648. 

hydrai^,  644-662. 

jet,  ills,  650. 

lift,  65<)  653. 

maximjn  density,  647. 

jkipes,  ft  w,  conditions,  necessary,  650. 

prestoil  cause,  648-662. 

siphon,  ^ementary,  types,  ills.,  647. 

static,  I4ad,  ills.,  648. 
liftiills.,  648. 

suppiy.Sre  engine,  943. 
'tandenaroad  roller,  des.,  921. 

tankp  aiached  to  Leyner-IngersoU  rock 
drill,  ills.,  741. 
OQitrete  mixer,  des.,  863,  865. 
Water  tube  lailer.  Continental,  ills.,  929. 


Watt's  condenser,  765. 

Westinghouse  two  cylinder  engine,  ills.,  689. 

Wet  steam,  540. 

Wicke's  rock  drill,  ills.,  737,  738. 

Williamson    steering  ^  engine,    self-centering 

mechanism,  ills.,  695. 
Winch  heads,  hoisting  engine,  771. 
Winding  machinery,  hydraulic  dredge,  ills., 

854. 
Wing  sheet  mounting,  traction  engine,  ills., 

892. 
Wire  drawing,  prevention,  464. 
Wisconsin  Corliss,  exhaust  valve,  ills.,  498. 

releasing  gear,  ills.,  496. 
Wood,  differential,  traction  engine,  ills.,  897. 
friction  clutch,  ills.,  893. 
traction  engine  transmission,  ills.,  895. 
Worm,  steering  gear,   tandem  road  roller, 

ilk.,  921. 
Worthington  pump,  compensating  cylinders, 

flls.,  677,  678. 
Wheeler  jet  condenser,  ills.,  528. 
Whiting  system,  deep  mine  hoisting,  ills., 

794-795. 
Wrist,  pin,  Corliss  engine,  ills.,  550. 
plaU,  Corliss  engme,  477. 
squaring,  ills.,  509. 
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